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(54) Apparatus for controlling a driving motor 

(57) A driving motor stopping unit for a vehicle, 
which vehicle allows transmission of driving force from a 
driving motor to driving wheels irrespective of releasing 
an accelerator pedal at a certain or lower vehicle speed 
when a transmission is selected to a driving range, 
wherein said vehicle is further provided with a driving 
force decreasing unit which switches the driving force in 

Flfl.1 



accordance with depression of a brake pedal such that 
the driving force is made lower at a depression of the 
brake pedal than at a release of the brake pedal, and 
the driving motor is stopped after the driving force is 
decreased by the driving force decreasing unit 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an appara- 
tus for controlling a driving motor. More particularly, to 
an apparatus which controls and automatically stops 
the driving motor of a vehicle while the vehicle stops. 

BACKGROUN D OF THE INVENTION 

[0002] Various types of vehicles with an automatic 
transmission are known. One known automatic trans- 
mission transmits driving force from the driving motor, 
such as an engine, to driving wheels when the transmis- 
sion is set in a driving range, such as a D range, and the 
vehicle moves at a certain or lower vehicle speed when 
the accelerator pedal is released. Recently, for the pur- 
pose of improving fuel consumption, a vehicle has been 
developed with a driving force decreasing unit, which 
decreases the creep driving force when the brake pedal 
is depressed while the vehicle is in an idling condition 
and moves at a certain or lower vehicle speed, and a 
vehicle with a driving motor stopping unit, which auto- 
matically stops the driving motor while the vehicle stops 
in an idling condition. 

[0003] In creep running, the vehicle with an auto- 
matic transmission moves slowly as if it creeps along 
the ground when the transmission is set to a running 
range, such as a D or R range and the accelerator pedal 
is released (the driving motor is in an idling condition). 
[0004] The decision to have the driving motor stop- 
ping unit stop the driving motor is based on a determi- 
nation of whether or not the detected vehicle speed 
becomes 0 km/h. The accuracy of the detected vehicle 
speed is determined by a vehicle speed sensor and an 
ECU (Electronic Control Unit) calculating vehicle speed 
based on information obtained from the vehicle speed 
sensor. For this reason, depending on the detectability 
of the vehicle speed sensor or throughput of the ECU, 
the vehicle speed may be regarded as 0 km/h even if the 
vehicle is not completely stopped. For example, if the 
vehicle speed sensor cannot detect a minimum vehicle 
speed of less than 1 km/h, the detected vehicle speed is 
0 km/h, notwithstanding that the vehicle is actually mov- 
ing at a vehicle speed of less than 1 km/h. When the 
detected vehicle speed becomes 0 km/h, the driving 
motor stopping unit automatically stops the driving 
motor, even if the vehicle is not completely stopped. If 
the creep driving force is greater before automatically 
stopping the driving motor, a braking force greater than 
the creep driving force is required in order to stop the 
vehicle, and a large amount of driving force difference 
exists until the driving force falls to zero. Therefore, if the 
driving motor is automatically stopped before the vehi- 
cle stops fully and the driving force falls to zero, the vehi- 
cle often stops suddenly due to a greater braking force 
and greater driving force difference. 



[0005] In view of the above, the present invention 
seeks to provide a an apparatus for controlling a driving 
motor which eliminates sudden stops by the vehicle, 
even if the driving motor is stopped before the vehicle 
5 stops completely. 

SUMMARY OF THE INVENTION 

[0006] According to the present invention, there is 
io provided an apparatus for controlling and stopping a 
driving motor for a vehicle, which vehicle allows trans- 
mission of driving force from a driving motor to driving 
wheels, irrespective of releasing an accelerator pedal at 
a certain or lower vehicle speed when a transmission is 
is set to a driving range. The apparatus also includes a 
driving force decreasing unit which switches the driving 
force based on depression of a brake pedal such that 
the driving force is made lower when the brake pedal is 
depressed than when the brake pedal is released, and 
20 the apparatus includes means for stopping the driving 
motor after the driving force is decreased by the driving 
force decreasing unit. 

[0007] There is also provided a vehicle with an 
apparatus for controlling and stopping a driving motor, 

25 which vehicle allows transmission of driving force from a 
driving motor to driving wheels, irrespective of releasing 
an accelerator pedal at a certain or lower vehicle speed 
when a transmission is set to a driving range. The appa- 
ratus also includes a driving force decreasing unit which 

30 switches the driving force based on a brake pedal being 
depressed such that the driving force is made lower 
when the brake pedal is depressed than when the brake 
pedal is released, and the vehicle is controlled such that 
the driving motor is stopped after the driving force is 

35 decreased by the driving force decreasing unit. 

[0008] According to such an apparatus for control- 
ling and stopping a driving motor and vehicle, because 
the driving force is decreased before stopping the driv- 
ing motor, the depression force of the brake pedal is 

40 reduced (i.e., braking force becomes smaller) before 
stopping the driving motor, and the driving force differ- 
ence becomes smaller, even if the driving motor is 
stopped so that the driving force falls to zero. As a 
result, the vehicle does not stop suddenly if the driving 

45 motor is stopped before the vehicle stops completely. 
[0009] The term "a certain vehicle speed" indicates 
a vehicle speed just before the vehicle stops. Therefore, 
if a certain vehicle speed is 5 km/h, as an example in the 
preferred embodiment, the vehicle speed range "at a 

so certain or lower vehicle speed" includes vehicle speeds 
from 0 km/h (when the vehicle stops) to 5 km/h. 
[0010] Further, because the purpose of the inven- 
tion is to prevent sudden stops of the vehicle due to the 
stopping of the driving motor (driving force is zero) 

55 before the vehicle stops completely, the wording "after 
the driving force is decreased by the driving force 
decreasing unit" does not include a condition where the 
driving force is zero. 



2 



3 



EP 1 065 091 A2 



4 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 shows a system configuration of a vehicle 5 
provided with an apparatus for controlling and stop- 
ping a driving motor stopping according to a pre- 
ferred embodiment of the invention; 
Fig. 2 shows a construction of a braking force 
retaining unit according to a preferred embodiment w 
of the invention; 

Fig. 3 shows the control logic of the braking force 
retaining unit of Fig. 2, in which Fig. 3A shows the 
logic for retaining braking force, and Fig. 3B shows 
the logic for permitting an operation of the braking is 
force retaining unit; 

Fig. 4 shows control of a driving force decreasing 
unit according to a preferred embodiment of the 
invention, in which Fig. 4A shows the control logic 
for switching to a weak creep condition, Fig. 4B 20 
shows the control logic for switching to a strong 
creep condition for driving, and Fig. 4C shows the 
control logic for switching to a middle creep condi- 
tion; 

Fig. 5 shows the control logic of a driving motor 25 
stopping unit, in which the engine is automatically 
stopped; 

Fig. 6 shows control of the braking force retaining 
unit, in which Fig. 6A shows the control logic for 
releasing braking force to be retained, and Fig. 6B 30 
shows the control logic for determining a creep ris- 
ing condition; 

Fig. 7 shows control of the driving force decreasing 
unit, in which Figs. 7A and 7B show the control logic 
for switching to the strong creep condition. Here, 35 
Fig. 7A shows a backward displacement detecting 
version of the vehicle, and Fig. 7B shows a vehicle 
movement detecting version; 
Fig. 8 shows control of a driving motor stopping 
unit, in which Figs. 8A and 8B show the control logic 40 
for automatically actuating the engine. Here, Fig. 
8A shows a backward displacement detecting ver- 
sion of the vehicle, and Fig. 8B shows a vehicle 
movement detecting version; 

Fig. 9 shows a way of detecting backward displace- 45 
ment of the vehicle, in which Fig. 9A shows a con- 
struction thereof, Fig. 9B shows a pulse phase for 
direction of Fig. 9A, and Fig. 9C shows a pulse 
phase for direction of Fig. 9B; and 
Fig. 1 0 is a time chart for the control of the vehicle so 
provided with AN apparatus for controlling and 
stopping a driving motor stopping in which the 
engine is automatically stopped. Here, (a) indicates 
the relationship relations (increase or decrease) 
between driving force and braking force, and (b) 55 
indicates the conditions (ON/OFF) of solenoid 
valves. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0012] A vehicle with an apparatus for controlling 
and stopping a driving motor can automatically stop the 
driving motor while the vehicle stops. Further, the appa- 
ratus is provided with a driving force decreasing unit 
which decreases creep driving force when the brake 
pedal is depressed when the driving motor is in an idling 
condition and the vehicle moves at a certain or lower 
vehicle speed. When the apparatus stops the driving 
motor, it stops the driving motor after the driving force is 
decreased by the driving force decreasing unit. The 
vehicle is further provided with a braking force control 
unit which is capable of retaining braking force after the 
brake pedal is released. 

System Configuration of Vehicle and Others 

[0013] The system configuration of a vehicle 
according to the present invention will be described with 
reference to Fig. 1 . The vehicle shown in this embodi- 
ment is a hybrid type vehicle having an engine 1 and an 
electric motor 2 as a driving motor, and is provided with 
a belt-type continuously variable transmission 3 (herein- 
after referred to as CVT3). Engine 1 is an internal com- 
bustion engine operates on gasoline and the like, and 
electric motor 2 operates on electricity. The driving 
motor of the vehicle is not restricted merely to an engine 
or a motor. Similarly, as long as the transmission is an 
automatic transmission, the transmission is not 
restricted to a particular type. The transmission may be 
an automatic transmission having a torque converter. 

Engine (Driving Motor), CVT (Transmission) and 
Motor (Driving Motor) 

[0014] Engine 1 is controlled at a fuel injection elec- 
tronic control unit (hereinafter referred to as Fl ECU). 
The Fl ECU is integrally constructed with a manage- 
ment electronic control unit (hereinafter referred to as 
MG ECU), and it is incorporated in a fuel injection/man- 
agement electronic control unit 4 (hereinafter referred to 
as FI/MG ECU). Motor 2 is controlled at a motor elec- 
tronic control unit 5 (hereinafter referred to as MOT 
ECU). Further, CVT 3 is controlled at a CVT electronic 
control unit 6 (hereinafter referred to as CVT ECU). 
[001 5] A drive axle 7 provided with driving wheels 8, 
is mounted to the CVT 3. Each driving wheel 8 is pro- 
vided with a disc brake 9, which includes a wheel cylin- 
der WC and the like (Fig. 2). The wheel cylinders WC of 
the disc brakes 9 are connected to a master cylinder 
MC through a braking force control unit BCU. When the 
driver depresses the brake pedal BP, the brake pedal 
load generated is transmitted to the master cylinder MC 
through the master power MR The brake switch BSW 
detects whether or not the brake pedal BP is depressed. 
[0016] Engine 1 is an internal combustion engine 
which makes use of thermal energy. Engine 1 drives the 
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driving wheels 8 through CVT 3 and drive axle 7. In 
order to improve fuel consumption, engine 1 may be 
automatically stopped while the vehicle stops. For this 
reason, the vehicle is provided with an apparatus for 
controlling and stopping a driving motor for automati- 
cally stopping engine 1 when a certain automatic 
engine stop condition is satisfied. 
[0017] Motor 2 has an assist mode for assisting the 
engine drive with the use of electric energy from a bat- 
tery (not shown). Motor 2 has a regeneration mode for 
converting the kinetic energy derived from the rotation 
of drive axle 7 into electric energy. When the engine 
does not require an assist from the assist mode (such 
as for starting on a down slope or deceleration of the 
vehicle), the converted electric energy is stored in the 
battery. Further, motor 2 has an actuation mode for 
actuating engine 1. 

[0018] CVT 3 includes an endless belt wound 
between a drive pulley and a driven pulley to enable a 
continuously variable gear ratio by changing the winding 
radius of the endless belt. The winding radius change is 
achieved by changing each pulley width. CVT 3 
engages a starting clutch and an output shaft to trans- 
mit the output of engine 1 converted by the endless belt 
into drive axle 7 through gears at the output side of the 
starting clutch. The vehicle equipped with CVT 3 ena- 
bles creep running while engine 1 is idling, and such a 
vehicle requires a driving force decreasing unit DDU for 
decreasing driving force to be utilized for the creep run- 
ning. 

Driving Force Decreasing Unit 

[0019] The driving force decreasing unit DDU is 
incorporated in CVT 3. The driving force decreasing unit 
DDU variably controls the driving force transmission 
capacity of the starting clutch, thereby changing the 
creep driving force. The driving force decreasing unit 
DDU increases driving force when detecting displace- 
ment (or backward displacement) of the vehicle. The 
driving force decreasing unit DDU comprises CVT ECU 
6 which will be described later. 

[0020] The driving force decreasing unit DDU con- 
trols the driving force transmission capacity of the start- 
ing clutch and switches to the predetermined driving 
force in each creep condition when CVT ECU 6 deter- 
mines conditions (hereinafter described) required for a 
weak creep condition, middle creep condition, strong 
creep condition or a strong creep condition for driving. 
Further, the driving force decreasing unit DDU 
increases the driving force transmission capacity of the 
starting clutch and switches to the strong creep condi- 
tion if displacement or backward displacement of the 
vehicle is detected when starting the vehicle on a slope. 
CVT ECU 6 determines conditions for switching the 
creep driving force, and it transmits a hydraulic pressure 
command value to a linear solenoid valve of CVT 3, 
where the engagement hydraulic pressure of the start- 



ing clutch is controlled. In the driving force decreasing 
unit DDU, the engagement force of the starting clutch is 
adjusted at CVT 3 based on the hydraulic pressure 
command value. The driving force transmission capac- 
5 ity is therefore changed and the creep driving force is 
adjusted. Because the driving force decreasing unit 
DDU decreases the driving force, the fuel consumption 
of the vehicle is improved. Fuel consumption of the vehi- 
cle is improved by reducing loads at engine 1 , a hydrau- 
w He pump of the starting clutch and the like. The term 
"driving force transmission capacity" indicates the max- 
imum driving force (driving torque) transmitted by the 
starting clutch. Therefore, if the driving force generated 
at engine 1 is greater than the driving force transmission 
75 capacity, the starting clutch does not transmit the 
remaining driving force, which is beyond the driving 
force transmission capacity, to driving wheels 8. 
[0021] When a failure-detecting unit DU detects a 
malfunction of the braking force control unit BCU, the 
20 switching operation of the driving force decreasing unit 
DDU to the weak creep condition is restricted. 
[0022] The driving force decreasing unit DDU trans- 
mits the driving force from the driving motor to the driv- 
ing wheels 8, regardless of the release of the 
25 accelerator pedal at a certain or lower vehicle speed 
when the transmission is set to a running range. The 
driving force decreasing unit DDU also switches driving 
force in accordance with depression of the brake pedal 
such that the driving force is made lower when the brake 
30 pedal BP is depressed than when the brake pedal BP is 
released. The driving force is switched to a weak condi- 
tion when the brake pedal BP is depressed in order to 
improve fuel consumption. Meanwhile, the driving force 
is switched to a strong condition when the brake pedal 
35 BP is released for starting or accelerating of the vehicle, 
as well as for preventing backward displacement of the 
vehicle without requiring braking force. 
[0023] According to this embodiment, the creep 
driving force of the vehicle includes three conditions: (1) 
40 a strong condition; (2) a weak condition; and (3) a mid- 
dle condition between the strong and weak conditions. 
The driving force transmission capacity at each condi- 
tion is predetermined to be greater in the strong condi- 
tion, less in the weak condition, and intermediate in the 
45 middle condition. In this embodiment, the strong condi- 
tion (strong creep driving force) is referred to as a strong 
creep condition, the weak condition (weak creep driving 
force) is referred to as a weak creep condition, and the 
middle condition (intermediate creep driving force) is 
so referred to as a middle creep condition. Further, the 
strong creep condition includes two driving force levels, 
i.e., a strong level and a weak level. The strong level is 
referred to as a strong creep condition, and the weak 
level is referred to as a strong creep condition for driv- 
55 ing. In the strong creep condition, the driving force is 
adjusted in order to keep the vehicle stationary on a 
slope having an inclination angle of 5 degrees. In the 
strong creep condition for driving, the driving force is 
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adjusted In to be less than that in the strong creep con- 
dition. The strong creep condition for driving is a prelim- 
inary condition before switching to the weak creep 
condition. In the weak creep condition, almost no driving 
force is obtained. In the middle creep condition, the driv- 
ing force is controlled substantially at a mid point 
between the strong creep condition and the weak creep 
condition. The middle creep condition is an intermediate 
condition when the driving force is decreased stepwise 
in the process of switching from the strong creep condi- 
tion to the weak creep condition. The strong creep con- 
dition is achieved when the accelerator pedaf is 
released at a certain or lower vehicle speed (idling con- 
dition) and the positioning switch PSW selects a running 
range and when the brake pedal BP is released. In the 
strong creep condition, the vehicle moves slowly as if it 
creeps along the ground. If the driver depresses the 
brake pedal BP in this situation, the weak creep condi- 
tion is achieved. The vehicle stops or moves at an 
extremely low speed in the weak creep condition. 
[0024] The wording "the positioning switch PSW 
selects a running range" means that the transmission is 
set to a running range. 

Positioning Switch 

[0025] Range positions of the positioning switch 
PSW are selected by a shift lever. These range posi- 
tions are selected from a P range for parking the vehi- 
cle, an N range as a neutral range, an R range for 
backward running, a D range for normal running, and an 
L range for obtaining a sudden acceleration or strong 
engine brake. The term "running range" indicates a 
range position, at which the vehicle can move. In this 
vehicle, the running range includes the D range, L range 
and R range. When the positioning switch PSW selects 
the D range, a D mode as a normal running mode and 
an S mode as a sports mode can be selected by a mode 
switch MSW. Information from the positioning switch 
PSW and the mode switch MSW is transmitted to CVT 
ECU 6 and a meter 10. Meter 10 indicates the range 
information and the mode information selected by the 
positioning switch PSW and the mode switch, respec- 
tively. 

[0026] In this preferred embodiment, reduction of 
the creep driving force (switching operation to the mid- 
dle creep condition and the weak creep condition) is 
carried out while the positioning switch PSW is set in the 
D or L range. The strong creep condition is retained 
while the positioning switch PSW is set in the R range. 
The driving force is not transmitted to the driving wheels 
8 while the positioning switch PSW is set in the N or P 
range. However, the driving force transmission capacity 
is decreased and the driving force is substantially 
switched to the weak creep condition. 



ECU and Others 

[0027] The Fl ECU contained in Fi/MG ECU 4 con- 
trols the amount of fuel injection to achieve the optimum 

5 air fuel ratio, and it also generally controls engine 1 . Var- 
ious kinds of information such as a throttle angle and 
conditions of engine 1 are transmitted to the Fl ECU 
such that engine 1 is controlled based on this informa- 
tion. The MG ECU contained in FI/MG ECU 4 mainly 

10 controls MOT ECU 5 as well as determining the auto- 
matic engine stop conditions and automatic engine 
actuation conditions. The MG ECU receives information 
regarding the conditions of motor 2 and other informa- 
tion such as the conditions of engine 1 from the Fl ECU, 

15 and based on this information it sends instructions 
about the mode switching of motor 2 to MOT ECU 5. 
Further, the MG ECU receives information such as the 
conditions of CVT 3, conditions of engine 1 , range infor- 
mation of the positioning switch PSW, conditions of 

20 motor 2 and the like, and based on this information it 
determines whether engine 1 should be automatically 
stopped or automatically actuated. 
[0028] MOT ECU 5 controls motor 2 based on a 
control signal from FI/MG ECU 4. The control signal 

25 from FI/MG ECU 4 includes mode information instruct- 
ing actuation of engine 1 by motor 2, assistance of the 
engine actuation or regeneration of electric energy, and 
an output required value to motor 2, and MOT ECU 5 
sends an order to motor 2 based on this information. 

30 Further, MOT ECU 5 receives information from motor 2 
and transmits information such as the amount of gener- 
ated energy and the capacity of the battery to FI/MG 
ECU 4. 

[0029] CVT ECU 6 controls the transmission gear 

35 ratio of CVT 3, the driving force transmission capacity of 
the starting clutch and the like. Various kinds of informa- 
tion such as the conditions of CVT 3, conditions of 
engine 1, range information of the positioning switch 
PSW and the like is transmitted to CVT ECU 6, and 

40 based on this information CVT ECU 6 transmits a signal 
to CVT 3. The signal includes control of the hydraulic 
pressure of each cylinder provided at the drive pulley 
and the driven pulley of CVT 3, and control of the 
hydraulic pressure of the starting clutch. As shown in 

45 Fig. 2, CVT ECU 6 comprises a control unit CU for the 
ON/OFF control (shut-off/communicate) of the solenoid 
valves SV(A), SV(B), which function as the braking 
force retaining means RU of the braking force control 
unit BCU. CVT ECU 6 transmits a signal for turning ON 

so and OFF the solenoid valves SV(A), SV(B) to the brak- 
ing force control unit BCU. 

[0030] CVT ECU 6 also determines the switching of 
the creep driving force as well as determining whether 
the driving force should be increased as a result of 
55 detecting displacement (or backward displacement) of 
the vehicle while the braking force control unit BCU 
actuates. This information is transmitted to the driving 
force decreasing unit DDU of CVT 3. CVT ECU 6 also 
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comprises a failure-detecting unit DU for detecting a 
malfunction of the braking force control unit BCU. 

Brake (Braking force control unit) 

5 

[0031] Disk brakes 9 are constructed such that a 
disk rotor rotatabfe with driving wheel 8 is pressed 
between the brake pads moved by the wheel cylinder 
WC (Fig. 2) and braking force is obtained by the fric- 
tional force therebetween. Brake fluid pressure within w 
the master cylinder MC is transmitted to the wheel cylin- 
ders WC through the braking force control unit BCU. 
[0032] The braking force control unit BCU continu- 
ously retains the brake fluid pressure within a wheel cyl- 
inder WC, i.e. the braking force after depression of the 15 
brake pedal BP is released. The braking force control 
unit BCU comprises a control unit CU within CVT ECU 
6. Construction of the braking force control unit BCU will 
be described later in greater detail with reference to Fig. 
2. ^ 20 

[0033] The ON/OFF operation of the solenoid valve 
will now be described. 

[0034] In the normally open type solenoid valve, 
when the solenoid valve is ON, the solenoid valve 
closes to a shut-off position such that a flow of brake 25 
fluid is shut off and when the solenoid valve is OFF, the 
solenoid valve opens to a communicating position such 
that a flow of brake fluid is allowed. However, in the nor- 
mally closed type solenoid valve, when the solenoid 
valve is ON, the solenoid valve opens to a communicat- 30 
ing position such that a flow of brake fluid is allowed, 
and when the solenoid valve is OFF, the solenoid valve 
closes to a shut-off position such that a flow of brake 
fluid is shut off. As will be described later, solenoid 
valves SV(A), SV(B) in the preferred embodiment are 35 
the normally open type. A driving circuit within the con- 
trol unit CU starts or stops a supply of electric currents 
to respective coils of the solenoid valves SV(A), SV(B) 
to turn ON and OFF the solenoid valves. 
[0035] A master cylinder MC is a device for convert- 40 
ing a brake pedal depression into hydraulic pressure. In 
order to assist brake pedal depression, a master power 
MP is provided between the master cylinder MC and the 
brake pedal BR The master power MP enhances brak- 
ing force by applying negative pressure of engine 1 or 45 
compressed air to the driver's brake pedal depression 
force. A brake switch BSW is provided at the brake 
pedal BP to detect whether or not the brake pedal BP is 
depressed. 

50 

Driving Motor Stopping Unit 

[0036] The driving motor stopping unit incorporated 
in the vehicle includes the FI/MG ECU, CVT ECU 6 and 
other elements. The driving motor stopping unit enables ss 
an automatic engine stop operation while the vehicle 
stops. The automatic engine stop conditions are deter- 
mined at the FI/MG ECU 4 and CVT ECU 6. The auto- 



matic engine stop conditions will be described later. 
When all of the automatic engine stop conditions are 
satisfied, FI/MG ECU 4 sends an engine stop order to 
engine 1 to automatically stop engine 1 . Because the 
driving motor stopping unit automatically stops engine 
1 , the vehicle's fuel consumption improves. 
[0037] Because the automatic engine stop condi- 
tions include conditions required for the weak creep 
condition, which are determined at the driving force 
decreasing unit DDU, all of the automatic engine stop 
conditions are not satisfied unless the conditions for the 
weak creep conditions are satisfied. Decreasing driving 
force to the weak creep condition occurs when the vehi- 
cle speed becomes 5 km/h. Automatic engine stop 
operation occurs when the vehicle speed falls to 0 km/h. 
Therefore, the driving force decreasing unit DDU 
decreases driving force to the weak creep condition, 
and thereafter, the driving motor stopping unit automat- 
ically stops engine 1 at a vehicle speed of 0 km/h. 
Therefore, because the driving force is first decreased 
to the weak creep condition, the driving force difference 
will be smaller even if engine 1 is automatically stopped 
and driving force falls to zero. When the driver intends to 
stop the vehicle while in the strong creep condition, the 
required braking force must be greater than the driving 
force in the strong creep condition. However, because 
the driving force is first decreased to the weak creep 
condition before automatically stopping engine 1, the 
braking force required for stopping the vehicle may be 
less than that required in the strong creep condition. 
The vehicle can be stopped even if depression of the 
brake pedal BP is reduced before automatically stop- 
ping engine 1. Therefore, because the driving force dif- 
ference and braking force is smaller, sudden stops by 
the vehicle can be prevented even if the driving motor 
stopping unit automatically stops engine 1 and the driv- 
ing force falls to zero before the vehicle stops com- 
pletely. 

[0038] FI/MG ECU 4 and CVT ECU 6 determine 
automatic engine actuation conditions while the driving 
motor stopping unit automatically stops engine 1 . When 
all of the automatic engine actuation conditions are sat- 
isfied, FI/MG ECU 4 sends an engine actuation order to 
MOT ECU 5. MOT ECU 5 further transmits an engine 
actuation order to motor 2. Motor 2 then automatically 
actuates engine 1 , and at the same time, the driving 
force is switched to the strong creep condition. The 
automatic engine actuation conditions will be described 
later. 

[0039] Also, when the failure-detecting unit DU 
detects a malfunction of the braking force control unit 
BCU, operation of the driving motor stopping unit is pro- 
hibited. 

Signals 

[0040] Signals to be transmitted and received in this 
system will be described. With reference to Fig. 1 , the 
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letter "FJ* in front of each signal indicates that the signal 
is flag information, which is either a 0 or 1. The letter 
"V." indicates that the signal is numerical information 
(unit is optional), and the letter "L" indicates that the 
signal includes different kinds of information. 5 
[0041] Signals transmitted from FI/MG ECU 4 to 
CVT ECU 6 will be described. V_MOTTRQ represents 
an output torque value of motor 2. FJvlGSTB is a flag 
showing whether all of the engine stop conditions deter- 
mined at FI/MG ECU 4 are satisfied. If all the conditions io 
are satisfied, a 1 is provided, and if not, 0 is provided. 
The automatic engine stop conditions regarding 
F_MGSTB will be described later. When F_MGSTB and 
F„CVTOK (hereinafter described) are both set to 1, 
engine 1 is automatically stopped. When one of these 15 
flags is set to 0, engine 1 is automatically actuated. 
[0042] A signal transmitted from FI/MG ECU 4 to 
CVT ECU 6 and MOT ECU 5 will be described. VJMEP 
represents engine speed. 

[0043] Signals transmitted from CVT ECU 6 to 20 
FI/MG ECU 4 will be described. F_MCRPON is a flag 
indicating whether or not the driving force is in the mid- 
dle creep condition. A 1 is provided in the middle creep 
condition, and if not, a 0 is provided. When F_MCRPON 
is 1 , engine 1 is required to blow middle air in the middle 25 
creep condition (weaker air than that in the strong creep 
condition). F_AIRSCRP is a strong air demand flag in 
the strong creep condition. If strong air is required in the 
strong creep condition, a 1 is provided, and if not, a 0 is 
given. When both F_MCRPON and F_AIRSCRP are 0, 30 
FI/MG ECU 4 blows weak air in the weak creep condi- 
tion. In order to keep the engine idle speed at a certain 
level regardless of the driving force in the strong creep 
condition, middle creep condition or the weak creep 
condition, the engine output should be adjusted by 35 
blowing air corresponding to the strong creep condition, 
middle creep condition or the weak creep condition. 
When the driving force is in the strong creep condition 
and the load of engine 1 is higher, a strong air blow 
(strong air in the strong creep condition) is required. The 40 
term "air blow 11 means the supply of air from an air pas- 
sage by-passing a throttle valve in engine 1 to an intake 
pipe positioned downstream from the throttle valve. Air 
flow is adjusted by controlling the degree of the opening 
of the air passage. F„CVTOK is a flag indicating 45 
whether all of the engine stop conditions determined at 
CVT ECU 6 are satisfied. If all the conditions are satis- 
fied, a 1 is provided, and if not, a 0 is provided. The 
automatic engine stop conditions regarding F_CVTOK 
will be described later. F_CVTTO is a flag indicating 50 
whether the oil temperature of CVT 3 is greater than a 
certain value. If the oil temperature is equal to or greater 
than the certain value, a 1 is provided, and if the oil tem- 
perature is less than the value, a 0 is provided. The oil 
temperature of CVT 3 is obtained from an electrical 55 
resistance value of the linear solenoid valve controlling 
the hydraulic pressure of the starting clutch at CVT 3. 
F„POSR is a flag indicating whether the positioning 



switch PSW is set in the R range. If the positioning 
switch PSW is set in the R range, a 1 is provided, and if 
not, a 0 is provided. F_POSDD is a flag indicating 
whether the positioning switch PSW is set in the D 
range and the mode switch MSW is set in the D mode. 
If the D range and D mode (D range/D mode) are 
selected, a 1 is provided, and if not, a 0 is provided. 
When FI/MG ECU 4 does not receive any information 
indicating the D range/D mode, R range, P range or N 
range, FI/MG ECU 4 determines that either the D 
range/S mode or L range is selected. 
[0044] Signals transmitted from engine 1 to FI/MG 
ECU 4 and CVT ECU 6 will be described. V_ANP rep- 
resents a negative pressure value at the intake pipe of 
engine 1 . VJTH represents a throttle angle. V_TW rep- 
resents a temperature of the cooling water at engine 1 . 
VJTA represents the intake temperature of engine 1 . 
The brake fluid temperature in the braking force control 
unit BCU disposed within the engine compartment is 
obtained from the intake temperature. This is because 
both temperatures change with respect to the tempera- 
ture at the engine compartment. 
[0045] A signal transmitted from CVT 3 to FI/MG 
ECU 4 and CVT ECU 6 will be described. V__VSP1 rep- 
resents a vehicle speed pulse from one of two vehicle 
speed pickups provided in CVT 3. Vehicle speed is cal- 
culated based on this vehicle speed pulse. 
[0046] Signals transmitted from CVT 3 to CVT ECU 
6 will be described. V_NDRP represents a pulse show- 
ing the number of revolutions of the drive pulley pro- 
vided at CVT 3. V_NDNP represents a pulse showing 
the number of revolutions of the driven pulley provided 
at CVT 3. V_VSP2 represents a vehicle speed pulse 
from the other vehicle speed pickup at CVT 3. V_VSP2 
is more accurate than V_VSP1 , and V_VSP2 is used for 
calculating the amount of clutch slipping at CVT 3. 
[0047] Signals transmitted from MOT ECU 5 to 
FI/MG ECU 4 will be described. V_QBAT represents the 
remaining capacity of the battery. V_ACTTRQ repre- 
sents an output torque value of motor 2, which is the 
same as VJvlOTTRQ. l_MOT represents information 
such as the amount of generated energy of motor 2 
showing electric loading. Motor 2 generates all the elec- 
tric power consumed for the vehicle, including the elec- 
tric power for driving the motor. 
[0048] Signals transmitted from FI/MG ECU 4 to 
MOT ECU 5 will be described. V_CMDPWR represents 
an output required value to motor 2. V_ENGTRQ repre- 
sents an output torque value of engine 1 . I_MG repre- 
sents information such as an actuation mode, assist 
mode and a regeneration mode with respect to motor 2. 
[0049] A signal transmitted from the master power 
MP to FI/MG ECU 4 will be described. V_M/PNP repre- 
sents a negative pressure detected value at a constant 
pressure chamber of the master power MR 
[0050] A signal transmitted from the positioning 
switch PSW to FI/MG ECU 4 will be described. An N or 
P is transmitted as positioning information when the 
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positioning switch PSW selects either the N or P range. 
[0051 ] Signals transmitted from CVT ECU 6 to CVT 
3 will be described. V_DRHP represents a hydraulic 
pressure command value transmitted to the linear sole- 
noid valve, which controls hydraulic pressure within the 5 
cylinder of the drive pulley at CVT 3. VJ3NHP repre- 
sents a hydraulic pressure command value transmitted 
to the linear solenoid valve, which controls hydraulic 
pressure within the cylinder of the driven pulley at CVT 
3. The transmission gear ratio of CVT 3 is changed by 10 
V_DRHP and V_DNHR V_SCHP represents a hydrau- 
lic pressure command value transmitted to the linear 
solenoid valve, which controls the hydraulic pressure of 
the starting clutch at CVT 3. The engaging force of the 
starting clutch (driving force transmission capacity) is 15 
changed by VJ5CHR 

[0052] Signals transmitted from CVT ECU 6 to the 
braking force control unit BCU will be described. 
F_SOLA is a flag for the ON/OFF (close/open) of the 
solenoid valve SV(A) of the braking force control unit 20 
BCU (shown in Fig. 2). A 1 is provided for closing (ON) 
the solenoid valve SV(A), and a 0 is provided for open- 
ing (OFF) the solenoid valve SV(A). F_SOLB is a flag 
for the ON/OFF (close/open) of the solenoid valve 
SV(B) of the braking force control unit BCU (shown in 25 
Fig. 2). A 1 is provided for closing (ON) the solenoid 
valve SV(B), and a 0 is provided for opening (OFF) the 
solenoid valve SV(B). 

[0053] A signal transmitted from the positioning 
switch PSW to CVT ECU 6 will be described. The posi- 30 
tioning switch PSW selects the N, P, R, D or L range, 
and the selected range is transmitted as positioning 
information. 

[0054] A signal transmitted from the mode switch 
MSW to CVT ECU 6 will be described. The mode switch 35 
MSW selects either the D (normal running mode) or S 
mode (sports running mode), and the selected mode is 
transmitted as mode information. The mode switch 
MSW is a mode selection switch, which works when the 
positioning switch PSW is set in the D range. 40 
[0055] A signal transmitted from the brake switch 
BSW to FI/MG ECU 4 and CVT ECU 6 will be 
described. F__BKSW is a flag showing whether the 
brake pedal BP is depressed (ON) or released (OFF). If 
the brake pedal BP is depressed, a 1 is provided, and if 45 
the brake pedal is released, a 0 is provided. 
[0056] Signals transmitted from CVT ECU 6 to 
meter 1 0 will be described. The positioning switch PSW 
selects the N, R R, D or L range, and the selected range 
is transmitted as positioning information. Further, the so 
mode switch MSW selects either the D (normal running 
mode) or S mode (sports running mode), and the 
selected mode is transmitted as mode information. 



Braking Force Control Unit 

Construction of Braking Force Control Unit 

[0057] With reference to Fig. 2, the braking force 
control unit BCU will be described. The braking force 
control unit BCU includes a braking force retaining 
means RU which is capable of retaining braking force 
after the brake pedal BP is released. The braking force 
retaining means RU continuously retains braking force 
after the brake pedal BP is released, and it releases the 
braking force after the brake pedal BP is released and in 
the process of increasing driving force of the vehicle to 
the strong condition. 

[0058] As shown in Fig. 2, the braking force control 
unit BCU in this preferred embodiment is incorporated 
within the brake fluid passages FP of a hydraulically 
operable braking device BK. The braking force control 
unit BCU includes solenoid valves SV as braking force 
retaining means RU to switch between a communicat- 
ing position, where the brake fluid passage FP connect- 
ing the master cylinder MC and the wheel cylinders WC 
is communicated, and a shut-off position, where the 
brake fluid passage FP is shut off, for retaining the brake 
fluid pressure within the wheel cylinders WC. 
[0059] With reference to Fig. 2, the braking force 
control unit BCU will be described. The brake fluid pres- 
sure circuit BC of the hydraulically operable braking 
device BK comprises the brake fluid passage FP con- 
necting the braking device BK to the master cylinder MC 
and the wheel cylinders WC. Because braking is a very 
important safety factor, the braking device BK has two 
separate systems of brake fluid pressure circuits BC(A), 
BC(B). Therefore, if one system is out of order, the 
remaining system obtains a minimum braking force. 
[0060] A master cylinder piston MCP is inserted 
into a main body of the master cylinder MC. When the 
driver applies a load to the brake pedal BP, the piston 
MCP is pressed and pressure is applied to the brake 
fluid within the master cylinder MC so that mechanical 
force is converted into brake fluid pressure, i.e., the 
pressure applied to the brake fluid. When the driver 
releases the brake pedal BP by removing the applied 
load, the piston MCP is returned to the original position 
by the resilient action of a return spring MCS and brake 
fluid pressure is released. In order to have a fail-safe 
mechanism, two separate brake fluid pressure circuits 
BC are provided. For this reason, the master cylinder 
MC shown in Fig. 2 is a tandem master cylinder, where 
two pistons MCP are connected in series so that the 
main body of the master cylinder MC is divided into two 
portions. 

[0061] A master power MP (brake booster) is pro- 
vided between the brake pedal BP and the master cylin- 
der MC to ease the braking effort of the driver. The 
master power MP shown in Fig. 2 is a vacuum servo 
type. The master power MP removes negative pressure 
from an intake manifold of engine 1 to facilitate the brak- 
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ing operation of the driver. 

[0062] The brake fluid passage FP connects the 
master cylinder MC and the wheel cylinders WC. The 
brake fluid passage FP functions as a fluid channel for 
brake fluid. Brake fluid pressure generated at the mas- 5 
ter cylinder MC is transmitted to the wheel cylinders WC 
because the flow of the brake fluid travels through the 
brake fluid passage FR When the brake fluid pressure 
within the wheel cylinders WC is greater, the brake fluid 
is transmitted from the wheel cylinders WC to the mas- w 
ter cylinder MC through the brake fluid passage FR 
Because separate brake fluid pressure circuits BC are 
provided for the reason mentioned above, two separate 
brake fluid passage systems FP are also provided. The 
brake fluid pressure circuit BC, such as constructed by 15 
the brake fluid passage shown in Fig. 2, is an X-piping 
type, where one brake fluid pressure circuit BC(A) is for 
braking a front right wheel and a rear left wheel, and the 
other brake fluid pressure circuit BC(B) is for braking a 
front left wheel and a rear right wheel. The brake fluid 20 
pressure circuit may be a front and rear dividing piping 
type, where one brake fluid pressure circuit is for brak- 
ing the front wheels, and the other brake fluid pressure 
circuit is for braking the rear wheels. 
[0063] The wheel cylinder WC is provided for each 25 
wheel 8 so that brake fluid pressure generated at the 
master cylinder MC and transmitted to the wheel cylin- 
ders WC through the brake fluid passage FP is con- 
verted into a mechanical force (braking force) for 
braking wheels 8. A piston is inserted into the wheel cyl- 30 
inder WC so that when the piston is pressed by the 
brake fluid pressure, it generates a braking force for 
actuating brake pads in disc brakes or brake shoes in 
drum brakes. 

[0064] Additionally, brake fluid pressure control 35 
valves for controlling the brake fluid pressure within the 
wheel cylinders of the front and rear wheels may be pro- 
vided. 

[0065] With reference to Fig. 2, the braking force 
control unit BCU will be described. The braking force 40 
control unit BCU is incorporated within the brake fluid 
passage FP connecting the master cylinder MC and the 
wheel cylinders WC and includes a solenoid valve SV 
as the braking force retaining means RU. The braking 
force control unit BCU also includes a restriction D, 45 
check valve CV and a relief valve RV, if necessary. 
[0066] The solenoid valve SV is actuated by an 
electric signal from the control unit CU. The solenoid 
valve SV shuts off a flow of brake fluid within the brake 
fluid passage FP in its shut-off position to retain the so 
brake fluid pressure applied to the wheel cylinders WC. 
A flow of brake fluid within the brake fluid passage FP is 
communicated when the solenoid valve SV is in a com- 
municating position. The two solenoid valves SV(A), 
SV(B) shown in Fig. 2 are both in the communicating 55 
position. The solenoid valve SV prevents unintentional 
backward displacement of the vehicle when starting on 
a slope. This is because when the driver releases the 



brake pedal BP, brake fluid pressure is retained within 
the wheel cylinder WC. The term "unintentional back- 
ward displacement" means that the vehicle moves in an 
opposite direction due to its own weight, in other words, 
the vehicle begins to descend backwards on a slope. 
[0067] The solenoid valve SV may be one of nor- 
mally open and normally closed types. However, in 
order to have a fail-safe mechanism, a normally open 
type is preferable. This is because when electricity is cut 
off due to a malfunction, the brake does not work or the 
brake always works in a normally closed type solenoid 
valve SV. In the normal operation, the solenoid valve SV 
is shut off when the vehicle stops, and is kept in the 
shut-off position until the vehicle starts to move. Condi- 
tions for switching the solenoid valve SV to the shut-off 
position or to the communicating position will be 
described later. 

[0068] A restriction D is provided as necessary. The 
restriction D always connects the master cylinder MC 
and the wheel cylinders WC regardless of the condi- 
tions of the solenoid valve SV such as in the communi- 
cating position or the shut-off position. When the 
solenoid valve SV is in the shut-off position and the 
driver gradually or instantly releases the brake pedal BP, 
the restriction D reduces brake fluid pressure within the 
wheel cylinder WC at a certain speed by gradually 
transferring brake fluid from the wheel cylinder WC to 
the master cylinder MC. A restriction D may be formed 
by providing a flow control valve in the brake fluid pas- 
sage FP. Alternatively, the restriction D may be formed 
at a part of the brake fluid passage FP by way of flow 
resistance (reduced area portion of the passage, at 
which a part of the section becomes narrow). 
[0069] When the restriction D is provided, if the 
driver gradually or instantly releases the brake pedal BP, 
the braking force is gradually lowered so that even if the 
solenoid valve SV is in the shut-off position, the brake 
does not work permanently. In other words, the reduc- 
tion speed of the brake fluid pressure within the wheel 
cylinder is less than that of brake pedal load applied by 
the driver. Therefore, even if the solenoid valve SV is in 
the shut-off position, the braking force is reduced after a 
certain period of time so that the vehicle can start to 
move on an up slope by the driving force of the driving 
motor. Meanwhile, the vehicle can start off on a down 
slope due to its own weight by merely releasing the 
brake pedal BP gradually or instantly without requiring 
the accelerator pedal operation of the driver. 
[0070] The restriction D does not affect the braking 
force as long as the brake fluid pressure within the mas- 
ter cylinder MC due to the driver's brake pedal operation 
is greaterthan that within the wheel cylinder WC. This is 
because brake fluid flows based on a pressure differ- 
ence between the wheel cylinder WC and the master 
cylinder MC, i.e. from one at a higher brake fluid pres- 
sure to the other at a lower brake fluid pressure. Unless 
the driver releases the brake pedal BP, the brake fluid 
pressure within the wheel cylinder WC does not 
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decrease although it may increase. The restriction D 
may function as a check valve to prevent a counter flow 
from the master cylinder MC to the wheel cylinder WC. 
[0071] Reduction speed of the brake fluid pressure 
within the wheel cylinder WC is determined to prevent 5 
the vehicle from unintentional backward displacement 
during the time the driver releases the brake pedal BP 
and the driving force is switched from the weak creep 
condition to the strong creep condition. 
[0072] When the reduction speed of the brake fluid w 
pressure within the wheel cylinder WC is faster, the 
vehicle will displace backwards on the slope before suf- 
ficient driving force will be obtained because braking 
force after releasing the brake pedal BP will be lost 
immediately even if the solenoid valve SV is closed. On is 
the contrary, when the reduction speed of brake fluid 
pressure within the wheel cylinder WC is slower, the 
vehicle will not displace backwards on the slope after 
releasing the brake pedal BP because the brake is 
working at all times. However, extra time and driving 20 
force is required for obtaining sufficient driving force 
against the braking force. As described later, according 
to this embodiment, the solenoid valve SV is returned to 
the communicating position when a driving force is 
exerted on the vehicle and depression of the brake 25 
pedal BP is released. Therefore, when the vehicle starts 
by driving force, reduction speed of the brake fluid pres- 
sure within the wheel cylinder WC by way of the restric- 
tion D may be slower. 

[0073] Reduction speed for reducing brake fluid 30 
pressure within the wheel cylinder WC is determined by 
properties of the brake fluid or the shape of the restric- 
tion D (cross section or length of the flow passage). The 
restriction D may be employed as an integral member 
with a solenoid valve SV and a check valve CV. In this 35 
case, the number of parts and installation space may be 
reduced. 

[0074] A check valve CV is provided as necessary. 
The check valve CV transfers the brake fluid pressure 
generated within the master cylinder MC into the wheel 40 
cylinders WC when the solenoid valve SV is closed and 
the driver increases the brake pedal load. The check 
valve CV works effectively when the brake fluid pres- 
sure generated within the master cylinder MC is greater 
than that within the wheel cylinder WC. The check valve 45 
CV quickly increases brake fluid pressure within the 
wheel cylinder WC in accordance with the increased 
brake pedal load. 

[0075] If an arrangement is employed such that the 
solenoid valve SV is switched from the shut-off position so 
to the communicating position when the brake fluid 
pressure within the master cylinder MC becomes 
greater than that within the wheel cylinders WC, there is 
no need to provide a check valve CV because the sole- 
noid valve SV itself responds to the increased brake 55 
pedal load. 

[0076] A relief valve RV is also provided as neces- 
sary. The relief valve RV transfers brake fluid within the 



wheel cylinder WC into the master cylinder MC until the 
brake fluid pressure within the wheel cylinder becomes 
a certain pressure level (relief pressure) when the sole- 
noid valve SV is in the shut-off position and the driver 
gradually or instantly releases the brake pedal BP. The 
relief valve RV works when the brake fluid pressure 
within the wheel cylinder WC is greater than the prede- 
termined brake fluid pressure and the brake fluid pres- 
sure within the master cylinder MC. Therefore, even if 
the solenoid valve SV is in the shut-off position, extra 
brake fluid pressure within the wheel cylinder WC, 
beyond the necessary brake fluid pressure, is quickly 
reduced to the relief pressure. This will ensure a smooth 
starting operation of the vehicle even if the driver force- 
fully depresses the brake pedal BP more than required. 
Providing the relief valve RV is advantageous when the 
vehicle starts on a down slope without assistance of 
driving force, for example a starting operation of the 
vehicle due to its own weight by releasing the brake 
pedal BP. 

[0077] A brake switch BSW detects whether or not 
the brake pedal BP has been depressed. Based on the 
detected value, the control unit CU sends instructions 
as to whether the solenoid valve SV should be commu- 
nicated or shut off. 

[0078] A servo valve (linear solenoid valve), which 
can optionally adjust the degree of valve opening may 
be employed in place of the arrangement comprising a 
relief valve RV and a check valve CV in addition to a 
solenoid valve SV. 

Basic Control of Braking Force Control Unit 

[0079] Conditions for basic control of the braking 
force control unit BCU will be described. 

I) Braking force control unit BCU switches the sole- 
noid valves SV to the communicating position when 
the brake pedal BP is depressed while the vehicle 
stops. 

(1) Vehicle has to be stopped. This is a condi- 
tion because the driver can not park the vehicle 
at desired positions if the solenoid valves SV 
are switched to the shut-off position while the 
vehicle is moving at high speeds. However, 
switching the solenoid valves SV to the shut-off 
position does not affect the driver's operation if 
the vehicle stops. The condition "while the vehi- 
cle stops" includes the time just before the 
vehicle stops. 

(2) Brake pedal BP is depressed. This is a con- 
dition because no braking force is retained if 
the brake pedal BP is not depressed. There is 
no significance to switching the solenoid valve 
SV to the shut-off position while the brake 
pedal is released. 
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The driver can stop the vehicle securely on a slope 
with the brake pedal BP forcefully depressed if a 
condition other than the above conditions (1) and 
(2) is added. This condition requires that the driving 
force transmission capacity is in the smaller condi- 5 
tion when the solenoid valves SV are switched to 
the shut-off position for retaining braking force. This 
leads to improved fuel consumption by the vehicle. 

II) Braking force retaining means RU releases the 10 
braking force (i.e. the solenoid valves SV are 
returned to the communicating position) after the 
brake pedal BP is released and in the process of 
increasing the driving force to the strong condition. 

15 

(1) Brake pedal BP is released. This is a condi- 
tion because the driver intends to start the vehi- 
cle when depression of the brake pedal BP is 
released. 

(2) Driving force is in the process of increasing 20 
to the strong condition (creep rising condition). 
This is a condition because the driver may 
experience a sudden start of the vehicle if the 
braking force is released when the driving force 
reaches the strong condition (strong creep con- 25 
dition). This is more prominent on a down slope 
because the vehicle's own weight also affects 
the driving force of the vehicle. 

[0080] However, a smooth starting operation of the 30 
vehicle without a sudden start on a down slope is 
achieved by increasing the driving force if the braking 
force is released after releasing the brake pedal BP and 
in the process of increasing driving force to the strong 
condition. There may be a concern that the vehicle dis- 35 
places backwards on an up slope if the braking force is 
released in the process of increasing the driving force to 
the strong condition. However, backward displacement 
of the vehicle on the slope is prevented by the inertial 
force and the rolling resistance (increasing driving force) 40 
of the vehicle. 

[0081] The retained braking force restricts back- 
ward displacement of the vehicle until the braking force 
retention is released after releasing the brake pedal BP. 
Thereafter, the inertial force of the vehicle and the like 45 
restrict the backward displacement until the driving 
force reaches the strong condition (creep rising condi- 
tion). As a result, because the driving force increases to 
the strong condition while backward displacement of the 
vehicle is restricted, a smooth starting operation of the so 
vehicle is achieved. 

[0082] The process of increasing the driving force 
to the strong condition includes any point in time after 
the driving force occurs and before the driving force 
reaches the strong condition. However, when a small 55 
driving force is obtained, releasing the braking force 
may cause backward displacement of the vehicle on an 
up slope, although it is advantageous on a down slope. 



Meanwhile, when a greater driving force is obtained, 
releasing the braking force may cause a sudden start of 
the vehicle on a down slope, although it is advanta- 
geous on an up slope. The timing at which the release 
of the braking force is carried out should be determined 
with consideration of the inertial force and the rolling 
resistance of the vehicle, as well as in comparing the 
advantages and disadvantages of the slope. This will be 
described later in the Requirement for Creep Rising 
Condition section. 

[0083] With reference to Figs. 3 to 9, control of the 
vehicle will be described in greater details. 

Conditions for Retaining Braking Force 

[0084] Conditions for retaining the braking force by 
the braking force control unit BCU will be described 
below. As shown in Fig. 3A, the braking force is retained 
when all of the following four conditions are satisfied. 

I) Brake switch BSW is ON. 

II) Positioning switch PSW selects other than Neu- 
tral (N range), parking (P range) and Reverse (R 
range). 

III) Operation of the braking force control unit BCU 
is permitted. 

IV) Vehicle speed is 0 km/h. 

[0085] When all the above conditions are satisfied, 
both solenoid valves SV(A), SV(B) are switched to the 
shut-off position, thereby retaining the braking force. 
[0086] The above four conditions will be described 
below. 

I) Brake switch BSW is ON. This is a condition 
because no braking force or a small braking force 
will be retained within the wheel cylinders WC. 

II) Positioning switch PSW selects other than Neu- 
tral (N range), parking (P range) and Reverse (R 
range). This is a condition for canceling unneces- 
sary operation of the braking force control unit BCU 
in the N or R range, and in the R range, for prevent- 
ing the vehicle from unintentional backward dis- 
placement with the aid of the driving force in the 
strong creep condition because the strong creep 
condition is kept in the R range. 

Therefore, the braking force is retained while the D 
(driving range) or L range (low range) is selected. 

III) Operation of the braking force control unit BCU 
is permitted. This condition is for reminding the 
driver to sufficiently depress the brake pedal BP 
before retaining the braking force, thereby prevent- 
ing unintentional backward displacement of the 
vehicle. Because sufficient driving force is obtained 
in the strong creep condition so that the vehicle can 
stand still on a slope at an inclination angle of 5 
degrees, the driver often depresses the brake pedal 
BP insufficiently. In this situation, if the solenoid 
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valves SV are closed and engine 1 is stopped, the 
vehicle will unintentionally displace backwards. 
Meanwhile, in the weak creep condition and the 
middle creep condition, the driving force is not suf- 
ficient for keeping the vehicle stationary on a slope 5 
having an inclination angle of 5 degrees. When the 
driving force is decreased on a slope, the driver 
forcefully depresses the brake pedal BP. This 
ensures sufficient braking force to prevent the vehi- 
cle from backward displacing on the slope, even if 10 
the driving force is decreased or lost. The control 
logic for permitting an operation of the braking force 
control unit BCU will be described later. 
IV) Vehicle speed is 0 km/h. This is a condition 
because the driver can not select a position for 15 
parking the vehicle if the solenoid valves SV are 
switched to the shut-off position while the vehicle is 
running. 

[0087] Meanwhile, because the vehicle stops when 20 
the vehicle speed is 0 km/h, the braking force can be 
retained without causing any trouble in the driving oper- 
ation. "Vehicle speed of 0 km/h" also includes a condi- 
tion just before the vehicle stops. 



Conditions Required for Permitting Operation of the 
Braking Force 

Control Unit 
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[0088] With reference to Fig. 3B, conditions 
required for permitting an operation of the braking force 
control unit BCU will be described. An operation of the 
braking force control unit BCU is permitted while the 
driving force is either in the weak creep condition or in 35 
the middle creep condition. In the weak creep condition 
and the middle creep condition, the driving force is not 
sufficient for keeping the vehicle stationary on a slope 
having an inclination angle of 5 degrees. Therefore, the 
driver is forced to depress the brake pedal BP suffi- 40 
cientiy before the retaining braking force to obtain suffi- 
cient driving force for preventing backward 
displacement of the vehicle. The driving force in the 
weak creep condition or in the middle creep condition is 
determined based on a hydraulic pressure command 45 
value to a linear solenoid valve of CVT 3, where the 
engagement the hydraulic pressure of the starting 
clutch is controlled. 

Conditions Required for Weak Creep Order 50 

[0089] Conditions for transmitting a weak creep 
order will be described. As shown in Fig. 4A, the weak 
creep order (F__WCRP) is transmitted when any of the 
following conditions I) and II) is satisfied. The conditions 55 
are: 

I) Positioning switch PSW selects the N or P range 



II) The following two conditions are both satisfied: 
A. 

(1) Braking force control unit BCU is nor- 
mal; 

(2) Brake switch BSW is ON; 

(3) Positioning switch PSW selects an 
advance range (D range/L range); and 

(4) Vehicle speed is at 5 km/h or lower; and 



(5) Vehicle speed after switching to the 
strong creep condition > 5 km/h and vehi- 
cle speed > 4 km/h; or 

(6) Driving force is in the weak creep con- 
dition; or 

(7) Vehicle speed is 0 km/h, Driving force is 
in the middle creep condition, and a certain 
time has passed after switching to the mid- 
dle creep condition. 

[0090] When one of the above conditions I) and II) 
is satisfied, the weak creep order is transmitted and the 
driving force is switched to the weak creep condition. 
The above conditions are determined at the driving 
force decreasing unit DDU. The reason for switching the 
driving force to the weak creep condition is to improve 
the vehicle's fuel consumption. When on a slope, it is for 
reminding the driver to forcefully depress the brake 
pedal BP to prevent backward displacement of the vehi- 
cle while the vehicle stops on the slope. When on a fiat 
surface, the driver can stop the vehicle with a weaker 
braking force because the driving force is weak in the 
weak creep condition. Therefore, in the weak creep con- 
dition, the depression force of the brake pedal BP by the 
driver is lessened. 

[0091] The conditions for transmitting the weak 
creep order will be described. 

I) Positioning switch PSW selects the N or P range. 
This is a condition because if the transmission is 
selected from a non-driving range (N/P range) to a 
driving range (D/L7R range) and at the same time 
the accelerator pedal is quickly depressed, the driv- 
ing force transmission capacity of the starting clutch 
can be instantly increased, allowing a smooth start- 
ing operation of the vehicle. In the weak creep con- 
dition, because pressure oil has been filled in an oil 
pressure chamber of the starting clutch, there is no 
clearance or play for the advance stroke of the pis- 
ton enforcing the clutch. Therefore, the driving force 
transmission capacity is instantly increased by 
increasing the pressure value of the pressure oil. 

Driving force is switched to the weak creep 
condition when the transmission is switched to the 
N or P range. This is for previously changing the 
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driving force transmission capacity of the starting 
clutch to the capacity at the weak creep condition. 
However, the driving force from engine 1 is not 
transmitted to driving wheels 8. This is distin- 
guished from the weak creep condition while the 5 
transmission is set in the D/L range. In the N/P 
range, the connection between engine 1 and driv- 
ing wheels 8 is completely cut by a forward/reverse 
movement switching mechanism arranged in series 
with the starting clutch on a driving force transmis- fo 
sion path. Because neither a transmission path for 
the forward movement nor a transmission path for 
the reverse movement is provided in the N/P range, 
the driving force from engine 1 is not transmitted to 
driving wheels 8. 15 

\\) Conditions (1) to (4) are basic requirements for 
switching to the weak creep condition. Conditions 
(5) to (7) indicate the conditions of the vehicle 
before switching to the weak creep condition. 20 

(1) Braking force control unit BCU is normal. 
This is a condition because the braking force is 
not retained if the braking force control unit 
BCU is out of order. Because sufficient driving 25 
force is not obtained in the weak creep condi- 
tion, the vehicle will displace backwards on a 
slope. If the weak creep order is transmitted 
and driving force is switched to the weak creep 
condition regardless of abnormal conditions of 30 
the vehicle, e.g., the solenoid valve SV is not 
switched to the shut-off position, brake fluid 
pressure is not retained within the wheel cylin- 
ders WC (braking force is not retained) when 
the brake pedal BP is released. Therefore, if 35 
the driver releases the brake pedal BP when 
starting on the siope, the braking force is sud- 
denly lost and the vehicle displaces backwards. 
Therefore, smooth starting operation without 
unintentional backward displacement of the 40 
vehicle is achieved by the strong creep condi- 
tion. 

(2) Brake switch BSW is ON. This is a condition 
because the driver does not intend to reduce 
the driving force. 45 

(3) Positioning switch PSW selects an advance 
range (D/L range). This is a condition for 
improving the vehicle's fuel consumption while 
an advance range is selected. When the posi- 
tioning switch PSW selects the D range, the 50 
driving force is switched to the weak creep con- 
dition, notwithstanding the position (D mode/S 
mode) of the mode switch MSW. However, in 
the R range, the driving force is not switched to 
the weak creep condition. This is for facilitating 55 
the steering operation of the vehicle at a 
garage with the vehicle kept in the strong creep 
condition. 



(4) The vehicle speed is at 5 km/h or lower. This 
is a condition because the driving force of the 
driving wheels 8 is transmitted to engine 1 or 
motor 2 through the starting clutch of CVT 3 to 
obtain engine brake or carry out regenerative 
power generation by motor 2. 

(5) Vehicle speed after switching to the strong 
creep condition > 5 km/h and Vehicle speed > 
4km/h. This is a condition because switching to 
the weak creep condition is carried out solely 
by deceleration due to continued brake applica- 
tion. Because the difference of the driving force 
is greater between the strong creep condition 
and the weak creep condition, the driver may 
experience unintentional strong deceleration if 
the driving force is switched from the strong 
creep condition to the weak creep condition 
when the brake pedal BP is depressed. AJso, 
the vehicle may momentarily displace back- 
wards if the vehicle stops on a slope. In such a 
circumstance, it is preferable not to carry out 
the switching operation from the strong creep 
condition to the weak creep condition. There- 
fore, once switched to the strong creep condi- 
tion, the driving force is not changed to the 
weak creep condition until the throttle is OFF 
(depression of the accelerator pedal is 
released) over the vehicle speed of 5 km/h and 
the driving force is switched to the strong creep 
condition for driving. 

The vehicle speed may decrease to 5 
km/h, after being switched to the strong creep 
condition, without depressing the brake pedal 
BP even if the vehicle has sped up once over 5 
km/h and then the driving force is decreased 
(strong creep condition for driving). For exam- 
ple, when the vehicle moves on an up slope, 
the vehicle speed may decrease without 
depressing the brake pedal BR In that case, 
because the brake switch BSW is OFF, the 
driving force is switched to the strong creep 
condition when the vehicle speed decreases to 
5 km/h. In order to cancel a successive switch- 
ing operation from the strong creep condition to 
the weak creep condition, a further condition, 
i.e., vehicle speed > 4km/h is required. The 
switching operation to the weak creep condition 
is not carried out unless the brake pedal BP is 
depressed when the vehicle speed again 
decreases to 5 km/h. If the brake pedal BP is 
depressed (brake switch BSW [ON]) when the 
vehicle speed again decreases to 5 Km/h, the 
driving force is switched from the strong creep 
condition for driving to the weak creep condi- 
tion. In other words, if driving force is not 
changed to the weak creep condition when the 
vehicle speed again decreases to 5 km/h (vehi- 
cle speed = 5km/h), the strong creep condition 
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is retained as long as the vehicle speed is at or 
below 5 km/h. 

(6) Driving force is in the weak creep condition. 
This is a condition because once switched to 
the weak creep condition, the weak creep con- s 
dition is retained regardless of conditions (5) 
and (7). According to condition (5), the driving 
force is switched to the weak creep condition 
when the vehicle speed becomes 5 km/h. How- 
ever, if the vehicle speed is less than 5 km/h, 10 
condition (5) is not satisfied. The weak creep 
condition is not retained solely by condition (5) 

if the vehicle speed is under 5 km/h. As a 
result, "the driving force is in the weak creep 
condition" is required to retain the weak creep 15 
condition when the vehicle speed under 5 
km/h. 

(7) Vehicle speed is 0 km/h, driving force is in 
the middle creep condition, and a certain time 
has passed after switching to the middle creep 20 
condition. This is a condition because deterio- 
rated fuel consumption and vehicle body vibra- 
tion, while the vehicle stops in the strong creep 
condition, are prevented with the driving force 
switched to the weak creep condition. The 25 
strong creep condition is retained if the driving 
force is not changed to the weak creep condi- 
tion when the vehicle speed again decreases 

to 5 km/h (vehicle speed = 5km/h) (based on 
condition (5)), or if the vehicle speed at or 30 
below 5 km/h is retained after switching to the 
strong creep condition by way of releasing the 
brake pedal BP while being in the weak creep 
condition. However, if the vehicle stops in the 
strong creep condition with the brake pedal 35 
depressed, fuel consumption deteriorates and 
vehicle vibration remains. For this reason, 
when the vehicle stops completely (vehicle 
speed = 0 km/h), the driving force is switched to 
the middle creep condition, in which driving 40 
force is between the strong creep condition and 
the weak creep condition, and thereafter, if a 
certain time has passed (300 msec in this 
embodiment), the driving force is further 
switched to the weak creep condition. Because 45 
the braking force due to depressing the brake 
pedal BP increases while the driving force is 
stepwise reduced from the strong creep condi- 
tion to the middle creep condition and further to 
the weak creep condition, the momentary dis- so 
placement of the vehicle on an up slope is 
made as small as possible. 

Conditions Required for Strong Creep Condition for 
Driving 55 

[0092] Conditions required for strong creep condi- 
tion for driving will be described. A strong creep order 



for driving (FJMSCRP) is transmitted when both of the 
following two conditions I) and II) are satisfied (Fig. 4B). 
The creep diving force is switched to the strong creep 
condition for driving after the strong creep order for driv- 
ing is transmitted. 

I) Vehicle speed > 5 km/h. 

II) Throttle is OFF (depression of the accelerator 
pedal is released). 

[0093] These conditions are determined at the driv- 
ing force decreasing unit DDU. One reason for switching 
the driving force to the strong creep condition for driving 
is to prevent a strong deceleration of the vehicle before 
stopping due to the switching operation from the strong 
creep condition to the weak creep condition. Another 
reason is to prevent momentary backward displacement 
of the vehicle on an up slope while the vehicle stops. 
The driving force is switched to the strong creep condi- 
tion for driving, which is weaker than the strong creep 
condition, in advance of switching to the weak creep 
condition. 

[0094] Each of the above conditions will be 
described. 

I) Vehicle speed > 5 km/h. This is a condition 
because the switching operation from the strong 
creep condition to the weak creep condition is car- 
ried out when the vehicle speed is once over 5 km/h 
after the strong creep condition and then the vehi- 
cle speed becomes 5 km/h. This is also for discrim- 
inating between the strong creep condition at a 
vehicle speed of 5 km/h or lower and the strong 
creep condition for driving over the vehicle speed of 
5 km/h. 

II) Throttle is OFF (TH OFF). This is a condition 
because the driver does not intend a further incre- 
ment of the driving force, the driving force may be 
decreased without any problems. 

Conditions Required for Middle Creep Condition 

[0095] Conditions required for the middle creep 
condition will be described. As shown in Fig. 4C, when 
the following three conditions I), II) and Ml) are satisfied, 
a middle creep order (F_MCRP) is transmitted. 

I) Brake switch BSW is ON. 

II) Positioning switch PSW selects an advance 
range (D/L range). 

III) Vehicle is stopped (vehicle speed = 0 km/h). 

[0096] These conditions are determined at the driv- 
ing force decreasing unit DDU. The strong creep condi- 
tion is retained if the driving force is not changed to the 
weak creep condition when the vehicle speed 
decreases again to 5 km/h (vehicle speed 5 km/h) or if 
the vehicle speed at 5 km/h or lower is retained after 
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switching to the strong creep condition by releasing the 
brake pedal BP while being in the weak creep condition. 
However, if the vehicle continues to stop in the strong 
creep condition, fuel consumption deteriorates and 
vehicle vibration continues. For this reason, the middle 5 
creep condition is required. As previously mentioned, in 
order to prevent momentary backward displacement of 
the vehicle, which is due to switching from the strong 
creep condition to the weak creep condition while the 
vehicle stops, the driving force is switched to the middle 10 
creep condition. 

[0097] The above conditions required for the middle 
creep order will be described. 

I) Brake switch BSW is ON. This is a condition 15 
because the driver does not intend to reduce the 
driving force when the brake pedal BP is not 
depressed. 

II) Positioning switch PSW selects an advance 20 
range (D/L range). This is a condition for switching 

to the middle creep condition while an advance 
range is selected because the driving force is 
switched to the weak creep condition while the 
positioning switch is set to the D or L range. Switch- 25 
ing to the middle creep condition is not necessary in 
the N/P range because the weak creep condition is 
selected as soon as the transmission is switched. 
Also, switching to the middle creep condition is not 
necessary in the R range because the strong creep 30 
condition is retained in the R range. 

Ml) Vehicle is stopped (vehicle speed = 0 km/h). 
This is a condition because the driving force is 
switched to the weak creep condition in order to 35 
prevent deteriorated fuel consumption and vehicle 
vibration while the vehicle stops in the strong creep 
condition. The middle creep condition is required as 
a transitional condition to the weak creep condition. 

40 

[0098] A determination of whether or not the driving 
force is in the weak creep condition, strong creep condi- 
tion for driving or the middle creep condition, is made 
based on the hydraulic pressure command value to the 
starting clutch of CVT 3. 45 

Conditions for Automatically Stopping the Engine 

[0099] For the purpose of further improving fuel 
consumption, engine 1 is automatically stopped while 50 
the vehicle stops. Conditions for automatically stopping 
engine 1 will be described. When all the conditions 
shown in Fig. 5 are satisfied, an engine stop order 
(F_ENGOFF) is transmitted and engine 1 is automati- 
cally stopped. The automatic engine stop operation of 55 
engine 1 is carried out by the driving motor stopping 
unit. Therefore, the following automatic engine stop 
conditions are determined at the driving motor stopping 



unit. Specifically, the automatic engine stop conditions 
are determined at FI/MG ECU 4 and CVT ECU 6. When 
FI/MG ECU 4 determines that all the following condi- 
tions I) to VIII) are satisfied, F_MGSTB becomes 1. 
When CVT ECU 6 determines that all the following con- 
ditions IX) to XV) are satisfied, F_CVTOK becomes 1 . 
[0100] Each of the automatic engine stop condi- 
tions will be described. 

I) Brake switch BSW is ON. This is a condition for 
warning the driver. The driver places his foot on the 
brake pedal BP when the brake switch BSW is ON. 
Therefore, if engine 1 is stopped and the driving 
force is lost, the driver can easily increase a brake 
pedal load before the vehicle unintentionally dis- 
places backwards on a slope. 

II) Water temperature of the engine is over a certain 
value. This is a condition because the stop/actua- 
tion operation of engine 1 should be carried out 
when engine 1 is in stable conditions, in a cold 
area, if the water temperature is low, engine 1 may 
not restart. 

III) Vehicle speed reaches 5 km/h once after engine 
actuation. This is a condition for facilitating a steer- 
ing operation at a garage while the vehicle moves in 
creep running. The steering operation at a garage 
will be time-consuming if engine 1 is stopped when- 
ever the vehicle stops for changing steering direc- 
tions. 

IV) Positioning switch PSW and Mode switch MSW 
select other than the R range/D range (S mode)/L 
range, i.e., the N range/D range (D mode)/P range 
is selected. This is a condition for the following rea- 
sons. A steering operation at a garage while select- 
ing the R or L range will be time-consuming if 
engine 1 is stopped whenever the vehicle stops for 
changing steering directions. When the positioning 
switch PSW selects the D range and the mode 
switch MSW selects S the mode, the driver is 
expecting the vehicle to perform a quick start oper- 
ation. 

V) Capacity of the battery is over a certain value. 
This is a condition because if the remaining capac- 
ity of the battery is not enough to restart engine 1 , 
the motor cannot actuate engine 1 after stopping 
the engine. 

VI) Electricity consumption is below a certain value. 
This is a condition for securing sufficient electrical 
supply to loads. 

VII) Load of the constant pressure chamber of the 
master power MP is over a certain value. This is a 
condition because the smaller negative pressure in 
the constant pressure chamber of the master power 
MP, the smaller amplification of the brake load 
when depressing the brake pedal BP, leads to dete- 
riorated braking performance. Because negative 
pressure in the constant pressure chamber is 
obtained from the intake pipe of engine 1 , negative 
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pressure in the constant pressure chamber 
becomes far smaller if engine 1 is stopped at 
smaller negative pressures. This leads to reduced 
amplification of the brake load when the driver 
depresses the brake pedal BP, and hence results in 5 
deteriorated braking performance. 

VIII) Accelerator pedal is not depressed (TH OFF). 
This is a condition because the driver does not 
intend further increase of the driving force, engine 1 
may be automatically stopped. 10 

IX) All the automatic engine stop conditions at 
FI/MG ECU 4 are satisfied. This is a condition 
because if all the engine stop conditions deter- 
mined at FI/MG ECU 4 are not satisfied, it is not 
preferable to carry out the automatic engine stop 15 
operation. 

X) Vehicle speed is 0 km/h. This is a condition 
because the driving force is not required when the 
vehicle stops. The vehicle speed is detected by a 
vehicle speed sensor and an ECU calculating the 20 
vehicle speed from the obtained vehicle speed sen- 
sor information. For this reason, according to the 
deteetabiiity of the vehicle speed sensor or through- 
put of the ECU, accuracy of the detected vehicle 
speed is determined. For example, if the vehicle 25 
speed sensor cannot detect a minimum vehicle 
speed less than 1 km/h, the detected vehicle speed 

is 0 km/h, notwithstanding that the vehicle actually 
moves with a vehicle speed of less than 1 km/h. 
Detected vehicle speed of 0 km/h also includes 30 
extremely slow running speed of the vehicle before 
the vehicle stops completely. 

XI) Ratio of the CVT is low. This is a condition 
because a smooth starting operation of the vehicle 

is not carried out unless the ratio of the CVT (pulley 35 
ratio) is low. 

XII) Oil temperature of the CVT is over a certain 
value. This is a condition because if the oil temper- 
ature of the CVT 3 is low, the start-up for hydraulic 
pressure of the starting clutch will cause a delay. 40 
Therefore, the required time from the engine actua- 
tion to the strong creep condition is extended, and 
the vehicle will displace backwards on a slope. 

XIII) Accelerator pedal is not depressed (TH OFF). 
This is a condition because if the driver does not 45 
intend the further increment the driving force, 
engine 1 may be automatically stopped. 

XIV) Braking force control unit BCU is normal. This 
is a condition because the braking force may not be 
retained if the braking force control unit BCU is out so 
of order, therefore, the strong creep condition is 
kept for preventing the vehicle from unintentional 
backward displacement. 

XV) (1 ) Braking force is retained (solenoid valve SV 

in shut-off position) and Brake switch BSW is ON or 55 
(2) Positioning switch PSW selects N range/P 
range. This is a condition for the following reasons: 



(1) As long as the braking force is retained, the 
vehicle does not displace backwards on a 
slope even if engine 1 is automatically stopped 
and the driving force is lost Further, when the 
brake switch BSW is ON, the driver places his 
foot on the brake pedal BP. Therefore, if engine 
1 is stopped and the driving force is lost, the 
driver can easily increase a brake pedal load 
before the vehicle unintentionally displaces 
backwards on a slope. 

(2) If the vehicle stops with the positioning 
switch PSW selecting the P or N range, the 
driver intends to pull up the vehicle. Therefore, 
engine 1 may be automatically stopped. In this 
condition, engine 1 is automatically stopped 
even if the braking force control unit BCU is not 
actuated. 

[0101] The automatic engine stop conditions 
include conditions required for the weak creep order. In 
other words, the automatic engine stop conditions are 
not satisfied as long as the conditions for the weak 
creep order are not satisfied. Further, in the automatic 
engine stop conditions, engine 1 is automatically 
stopped when the vehicle speed is 0 km/h. Meanwhile, 
in the conditions required for the weak creep order, the 
driving force is decreased to the weak creep condition 
when the vehicle speed is 5 km/h. For this reason, the 
driving motor stopping unit automatically stops engine 1 
after the driving force decreasing unit DDU decreases 
the driving force to the weak creep condition at the vehi- 
cle speed of 5 km/h and the vehicle speed falls to 0 
km/h. 

Conditions for Releasing Braking Force 

[0102] Conditions under which the braking force 
control unit BCU releases the braking force will be 
described. As shown in Fig. 6A, the braking force is 
released when any of the following conditions is satis- 
fied: 

I) Positioning switch PSW selects N range/P range 
and Brake switch BSW is OFF; 

II) A certain delay time has passed after Brake 
switch BSW becomes OFF; 

III) Creep driving force has risen and Brake switch 
BSW is OFF; or 

IV) Vehicle speed is over 20 km/h. 

[0103] When any of the above conditions is satis- 
fied, the solenoid valves SV are switched to the commu- 
nicating position for releasing the retained braking force. 
[0104] Each of the above conditions will be 
described. 

I) Positioning switch PSW selects N/P range and 
Brake switch BSW is OFF. This is a condition for 
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eliminating unnecessary operation of the braking 
force control unit BCU. 

II) A certain delay time has passed after Brake 
switch BSW becomes OFF. This is a condition 
because it is not preferable, as a fail-safe measure 5 
that the braking force be permanently retained after 
releasing the brake pedal BP because brake drag- 
ging occurs. In the preferred embodiment, the delay 
time is about 2 seconds after releasing the brake 
pedal BP, i.e. after the brake switch BSW is OFF. w 

III) Creep driving force has risen and Brake switch 
BSW is OFF. This is a condition because in this 
condition, the driving force is in the process of 
increasing to the strong creep condition. However, 
taking into consideration the inertial force and the is 
rolling resistance (increasing driving force) of the 
vehicle, unintentional backward displacement of the 
vehicle on an up slope is reduced. The driver can 
also start the vehicle on a down slope without sud- 
den impact. 20 

IV) Vehicle speed is over 20 km/h. This is a condi- 
tion for eliminating unnecessary brake dragging as 
a fail-safe measure. 

Requirement for Creep Rising Condition 25 



[0105] The requirement for a creep rising condition 
will be described. As shown in Fig. 6B, when any of the 
following conditions I) and II) is satisfied, the creep div- 
ing force is considered to have risen. 30 

I) Hydraulic pressure command value of the starting 
clutch at CVT 3 is over a certain value. 

II) A certain time has passed after engine 1 is auto- 
matically stopped and then restarted. 35 

[0106] These two conditions are determined at the 
driving force decreasing unit DDU. In the creep rising 
condition, the driving force has been increased to such 
an extent that backward displacement of the vehicle on 40 
a slope is prevented, taking into consideration the iner- 
tial force and the rolling resistance (increasing driving 
force) of the vehicle. Therefore, even if the actuation of 
the braking force control unit BCU is released and the 
braking force is lost, backward displacement of the vehi- 45 
cle is prevented. The creep rising condition also 
includes a condition allowing slight backward displace- 
ment of the vehicle, as long as the increasing driving 
force minimizes the backward displacement of the vehi- 
cle. 50 
[0107] The above conditions required for the creep 
rising condition will be described. 



to such an extent that backward displacement of 
the vehicle is prevented for the reason mentioned 
above. Therefore, backward displacement of the 
vehicle is prevented even if braking force is 
released. The driver can also start the vehicle on a 
down slope without sudden impact. "The hydraulic 
pressure command value over a certain value" indi- 
cates that the hydraulic pressure command value - 
it is transmitted to the linear solenoid valve, which 
controls hydraulic pressure for the engaging force 
of the starting clutch - has been increasing substan- 
tially to a value halfway between the weak creep 
condition and the strong creep condition, in the 
process of switching from the weak creep condition 
to the strong creep condition. 
II) A certain time has passed after the engine 1 is 
automatically stopped and then restarted. This is a 
condition because the driving force has been 
increased to such an extent that backward dis- 
placement of the vehicle is prevented for the reason 
mentioned above, even after releasing the retained 
braking force. This also ensures a smooth starting 
operation of the vehicle on a down slope without 
sudden impact. Time-counting is initiated when 
engine 1 is automatically restarted and the supply 
of pressure oil to the starting clutch is started. 
Hydraulic oil has been discharged from the oil pres- 
sure chamber of the starting clutch at CVT 3 while 
engine 1 is stopped. Therefore, a clearance or play 
exists for the advance stroke of the piston enforcing 
the clutch when engine 1 is actuated and supply of 
the pressure oil is initiated. For this reason, the 
hydraulic pressure command value to the linear 
solenoid valve of the starting clutch does not corre- 
spond to the actual hydraulic pressure value (driv- 
ing force transmission capacity). When increasing 
the driving force from the engine stop condition, it is 
impossible to judge the creep rising condition 
based on the hydraulic pressure command value of 
the starting clutch. As a result, the creep rising con- 
dition is determined when a timer counts a certain 
period of time after the supply of the pressure oil to 
the starting clutch is initiated. 

Conditions Required for Strong Creep Order 

[0108] Conditions for a strong creep order will be 
described. The strong creep order (F__SCRP) is trans- 
mitted when any of the following two conditions shown 
in Figs. 7A and 7B is satisfied. The first condition 
required for the strong creep order is that either I) or II) 
is satisfied (Fig. 7A). 

I) [(1) Brake switch is OFF or Throttle is ON, and 
Positioning switch PSW selects an advance range 
(D/L rage) or (2) Positioning switch PSW selects the 
reverse (R) range] and (3) Vehicle speed is at 5 
km/h or lower. 



I) Hydraulic pressure command value of the starting 
clutch at CVT3 is over a certain value. This is a con- 55 
dition because when the hydraulic pressure com- 
mand value of the starting clutch at CVT 3 is over a 
certain value, the driving force has been increased 
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II) Backward displacement of the vehicle is 
detected. 

Meanwhile, the second condition required for 
the strong creep order is that either III) or IV) is sat- 
isfied (Fig. 7B). 5 
Ml) [(1) Brake switch is OFF or Throttle is ON, and 
Positioning switch PSW selects an advance range 
(D/L range) or (2) Positioning switch PSW selects 
the reverse (R) range] and (3) Vehicle speed is at 5 
km/h or lower. w 
IV) Vehicle speed pulse is input and Vehicle is fully 
stopped before the input of vehicle speed pulse. 

[0109] In the first and the second conditions 
required for the strong creep order, I) and III) are identi- 15 
cal, while II) and IV) are different. Therefore, explanation 
of the condition III) is omitted. Conditions I) to IV) are 
determined at the driving force decreasing unit DDU. 
[0110] Each of the above conditions will be 
described below. 20 
[0111] First, (1) to (3) of condition I) will be 
described. However, because they are identical to those 
of the condition III), an explanation is omitted with 
regard to (1) to (3) of condition III). 

25 

(1) Brake switch is OFF or Throttle is ON, and Posi- 
tioning switch PSW selects an advance range (D/L 
rage). This is a condition because when the driver 
initiates a starting operation, the driving force is 
changed to the strong creep condition. The driver 30 
intends to start the vehicle because the positioning 
switch PSW is set to the D or L range and further 
depression of the brake pedal BP is released or 
instead, the accelerator pedal is depressed. There- 
fore, the driving force is switched from the weak 35 
creep condition to the strong creep condition. 

When the accelerator pedal is depressed, the 
driving force transmission capacity increases, even 
after reaching the greater driving force transmission 
capacity, to a capacity that allows transmission of 40 
all the driving force generated at the driving motor 
(condition greater than the greater driving force 
transmission capacity). However, the flag indicating 
the strong creep condition (F_SCRPON) is kept 
until another flag rises. 45 

(2) Positioning switch PSW selects the reverse 
(R)range. This is a condition for ensuring smooth 
creep driving in R range. When the positioning 
switch PSW is set to the R range, the driver expects 

a steering operation at a garage with the driving so 
force switched to the strong creep condition. There- 
fore, the driving force is switched from the weak 
creep condition to the strong creep condition. 

(3) Vehicle speed at 5 km/h or lower. This is a con- 
dition because the strong creep condition for driving 55 
at a vehicle speed over 5 km/h can be distinguished 
from the strong creep condition at a vehicle speed 

of 5 km/h or lower. 



II) Backward displacement of the vehicle is 
detected. When the vehicle starts to displace back- 
wards on a steep slope with the backward displace- 
ment force derived from the vehicle's own weight 
being greater than the braking force, the driving 
force in the strong creep condition prevents the 
backward displacement of the vehicle. When the 
vehicle stops on an up slope, the total amount of 
the driving force in the weak creep condition (driv- 
ing force is zero if engine 1 is automatically 
stopped) and the braking force resists the backward 
displacement force of the vehicle. However, 
because the greater the inclination angle of the 
slope, the greater backward displacement force, the 
vehicle starts to displace backwards on the steep 
slope with the backward displacement force being 
greater than the total amount of the driving force in 
the weak creep condition and the braking force. For 
this reason, when backward displacement of the 
vehicle is detected, the driving force is switched 
from the weak creep condition to the strong creep 
condition in any circumstances to generate suffi- 
cient driving force against the slope. 

With reference to Fig. 9, means for detecting 
backward displacement of the vehicle will be 
described. For example, helical gears HG(A), 
HG(B) are provided downstream of the starting 
clutch of CVT 3. The helical gears HG(A), HG(B) 
may be provided at any positions as long as they 
are rotatable with the tires. As shown in Fig. 9A, 
gear teeth of the helical gears HG(A), HG(B) are 
positioned in helical and diagonal relation around 
the periphery of the gear. The phase of the gear 
teeth shifts with the rotation of the helical gears 
HG(A), HG(B) in © and @ directions. To this end, 
electromagnetic pick-ups P(A), P(B) are provided 
on the respective helical gears HG(A), HG(B) to 
align in the same axis AX of the helical gears. The 
electromagnetic pick-ups P(A), P(B) detect the front 
ends of the gear teeth. The direction of the rotation 
is obtained from the pulse phase difference based 
on the two pulses detected at the electromagnetic 
pick-ups P(A), P(B). As best seen in Fig. 9B, when 
the helical gears HG(A), HG(B) rotate to the CD 
direction, the pulse detected at the electromagnetic 
pick-up P(B) shifts back from that detected at the 
electromagnetic pick-up P(A). In other words, the 
front ends of the gear teeth of the helical gear 
HG(A) are detected before those of the gear teeth 
of the helical gear HG(B). Meanwhile, when the hel- 
ical gears HG(A), HG(B) rotate to the © direction, 
the pulse detected at the electromagnetic pick-up 
P(B) shifts forward to that detected at the electro- 
magnetic pick-up P(A) (Fig. 9C). In other words, the 
front ends of the gear teeth of the helical gear 
HG(A) are detected after those of the gear teeth of 
the helical gear HG(B). The direction of the rotation 
is therefore detected by the pulse phase difference. 
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Rotation in the © direction Indicates backward dis- 
placement of the vehicle. Backward displacement is 
detected by the relative positions of the two pulses 
obtained from the electromagnetic pick-ups P(A), 
P(B) mentioned above. As long as there is a phase 5 
difference, any known gears other than helical 
gears HG(A), HG(B) may be employed. 
IV) A vehicle speed pulse is input and the vehicle is 
fully stopped before the input of the vehicle speed 
pulse. This is a condition for the following reason, w 
When the vehicle displaces from the fully stopped 
position, backward displacement (possible back- 
ward displacement) of the vehicle is detected and 
then the driving force is switched to the strong 
creep condition to keep the vehicle against the is 
slope. Although displacement of the vehicle is 
detected, a determination is not carried out to spec- 
ify the direction as to whether the vehicle moves for- 
ward or backwards. When the vehicle stops on an 
up slope, the total amount of driving force in the 20 
weak creep condition (driving force is zero if engine 
1 is automatically stopped) and braking force 
resists the backward displacement force of the 
vehicle. However, because the greater the inclina- 
tion angle of the slope, the greater the backward 25 
displacement force, the vehicle starts to displace 
forward (on a down slope) or backwards (on an up 
slope) with the displacement force derived from the 
vehicle's own weight being greater than the total 
amount of the driving force in the weak creep con- 30 
dition and the braking force. For this reason, when 
forward or backward displacement (i.e. displace- 
ment) of the vehicle is detected, the driving force is 
switched from the weak creep condition to the 
strong creep condition to generate sufficient driving 35 
force against the slope. For the purpose of the 
detecting that the vehicle stops completely, the 
vehicle speed pulse of zero is detected before a 
vehicle speed pulse is input. Displacement of the 
vehicle is detected even from one vehicle speed 40 
pulse input. 



[0112] The driving force may be switched to the 
strong creep condition even if the vehicle displaces in 
the same direction in which the driver intends to move. 45 

Conditions for Automatically Actuating the Engine 

[0113] After automatically stopping engine 1, 
engine 1 is automatically restarted in the following con- so 
ditions. When any of the following conditions shown in 
Figs. 8A and 8B is satisfied, an automatic engine actua- 
tion order (FJENGON) is transmitted and engine 1 is 
automatically actuated. The automatic engine actuation 
is carried out by the driving motor stopping unit. There- 55 
fore, the following automatic engine actuation condi- 
tions are determined at the driving motor stopping unit. 
Specifically, the automatic engine actuation conditions 
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are determined at FI/MG ECU 4 and CVT ECU 6. When 
FI/MG ECU 4 determines that any of the following con- 
ditions I) to VI) is satisfied, FJvlGSTB becomes 0. 
When CVT ECU 6 determines that any of the following 
conditions VII) to XI) [or VII) to X) and XII)] is satisfied, 
F CVTOK becomes 0. The first condition required for 
the automatic engine actuation order (shown in Fig. 8A) 
is the same as the second condition shown in Fig. 8B, 
except for the conditions XI) and XII) which are deter- 
mined by CVT ECU 6. Therefore, the explanation refers 
only to the difference as to the second condition thereof. 

I) Depression of the brake pedal BP is released 
(Brake switch BSW is OFF). This is a condition 
because the determination of the starting operation 
is carried out when the driver releases the brake 
pedal BP. When the driver releases the brake pedal 
BP in the D range/D mode, it is assumed that the 
driver initiates the starting operation. Therefore, 
engine 1 is automatically actuated. Meanwhile, 
when the driver releases the brake pedal BP in P or 
N range to stop and exit the vehicle, engine 1 is 
automatically actuated in order to remind the driver 
not to exit the vehicle without turning off the ignition 
switch. 

II) Positioning switch PSW and Mode switch MSW 
select R range/D range (S mode)/L range. This is a 
condition because the driver intends to start the 
vehicle quickly if the positioning switch PSW and 
the mode switch MSW select the R range/D range 
(S mode)/L range after engine 1 is stopped. There- 
fore, when engine 1 is stopped with the transmis- 
sion set in other than the R range/D range (S 
mode)/L range and thereafter switched to the R 
range/D range (S mode)/L range, engine 1 is auto- 
matically actuated. 

III) Remaining capacity of the battery is below a 
certain value. This is a condition because engine 1 
is not automatically actuated if the remaining 
capacity of the battery is too low. Engine 1 is not 
stopped unless the remaining capacity of the bat- 
tery is above a certain value. However, the capacity 
of the battery may lower after engine 1 is automati- 
cally stopped. In this case, engine 1 is automatically 
actuated for the purpose of charging the battery. 
The certain value is set to be higher than the critical 
battery capacity, below which engine 1 is not actu- 
ated. 

IV) Electricity consumption is above a certain value. 
While components that consume electricity, such 
as lights, are on, the capacity of the battery 
decreases quickly. As a result, engine 1 will not be 
restarted. For this reason, irrespective of the 
remaining capacity of the battery, engine 1 is auto- 
matically actuated when the electricity consumption 
is above a certain value. 

V) Negative pressure of the master power MP is 
below a certain value. This is a condition because 
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the lower the negative pressure at the master 
power MP, the lower the obtained braking force. 
Therefore, engine 1 is restarted to secure sufficient 
braking force. 

VI) Accelerator pedal is depressed (TH ON). This is 5 
a condition because the driver is expecting driving 
force from engine 1. Therefore, engine 1 is auto- 
matically actuated when the accelerator pedal is 
depressed. 

VII) Automatic engine actuation condition at FI/MG w 
ECU 4 is satisfied. This is a condition because CVT 
ECU 6 also determines the automatic engine actu- 
ation conditions of FI/MG ECU 4. 

VIII) Accelerator pedal is depressed (TH ON). This 

is a condition because the driver is expecting driv- 15 
ing force from engine 1 . Therefore, engine 1 is auto- 
matically actuated when the accelerator pedal is 
depressed. 

IX) Depression of the brake pedal BP is released 
(Brake switch BSW is OFF). This is a condition 20 
because determination of the starting operation is 
carried out when the driver releases the brake 
pedal BR When the driver releases the brake pedal 

BP in the D range/D mode, it is assumed that the 
driver initiates the starting operation. Therefore, 25 
engine 1 is automatically actuated. 

X) Braking force control unit BCU is out of order. 
This a condition because when the braking force 
control unit BCU is out of order and the braking 
force is not retained, the vehicle displaces back- 30 
wards (forward) on a slope with the automatic 
engine stop operation. Therefore, when a solenoid 
valve SV of the braking force control unit BCU is out 

of order, engine 1 is automatically actuated and the 
vehicle is kept in the strong creep condition. 35 

If a failure is detected in the braking force con- 
trol unit BCU after stopping engine 1, engine 1 is 
immediately actuated such that the driving force of 
the vehicle is kept in the strong creep condition. 
This is because the braking force may not be 4Q 
retained after releasing the brake pedal BP upon 
starting the vehicle. In other words, it is the strong 
creep condition that prevents the vehicle from unin- 
tentional backward displacement and facilitates a 
smooth starting operation of the vehicle. 45 

XI) Backward displacement of the vehicle is 
detected. This is a condition because when the 
vehicle starts to displace backwards on a steep 
slope with the backward displacement force derived 
from the vehicle's own weight being greater than so 
braking force, the vehicle is prevented from back- 
ward displacement by the driving force of engine 1 . 
When the vehicle stops on an up slope, the braking 
force resists the backward displacement force of 
the vehicle. However, because the greater the incli- ss 
nation angle of the slope the greater the backward 
displacement force, the vehicle starts to displace 
backwards on the steep slope with the backward 



displacement force being greater than the braking 
force. For this reason, when backward displace- 
ment of the vehicle is detected, the driving force is 
switched from the engine stop condition to the 
strong creep condition in any circumstances to gen- 
erate sufficient driving force against the slope. 
Because the method of detecting backward dis- 
placement of the vehicle has been explained in 
Conditions required for Strong Creep Order sec- 
tion, further explanation will be omitted. 
XII) A vehicle speed pulse is input and the vehicle is 
fully stopped before the input of the vehicle speed 
pulse. This is a condition for the following reason. 
When the vehicle displaces from the fully stopped 
position, backward displacement (possible back- 
ward displacement) of the vehicle is detected and 
then engine 1 is automatically actuated to generate 
driving force against the slope. Although displace- 
ment of the vehicle is detected, a determination is 
not carried out to specify the direction as to whether 
the vehicle moves forward or backwards. When the 
vehicle stops on an up slope with engine 1 stopped, 
only the braking force resists the backward dis- 
placement force of the vehicle. However, because 
the greater the inclination angle of the slope, the 
greater the backward displacement force, the vehi- 
cle starts to displace forward (on a down slope) or 
backwards (on an up slope) with the displacement 
force derived from the vehicle's own weight being 
greater than the braking force. For this reason, 
when forward or backward displacement (i.e. dis- 
placement) of the vehicle is detected, engine 1 is 
automatically actuated so as to generate sufficient 
driving force in the strong creep condition. For the 
purpose of detecting that the vehicle stops com- 
pletely, the vehicle speed pulse of zero is detected 
before a vehicle speed pulse is input. Displacement 
of the vehicle is detected even from one vehicle 
speed pulse input. 

Time Chart for Control with Automatic Engine Stop 
Operation 

[0114] With reference to a time chart shown in Fig. 
10, the way of controlling the vehicle according to the 
preferred embodiment will be described. The vehicle is 
running. 

[0115] The vehicle having the above system is 
operated in the order of braking, stopping and starting. 
In this operation, the driving force is decreased from the 
strong creep condition for driving to the weak creep con- 
dition by the driving force decreasing unit DDU, and 
thereafter engine 1 is stopped by the driving motor stop- 
ping unit. The positioning switch PSW and the mode 
switch MSW of the vehicle are not changed from the D 
range/D mode. The braking force control unit BCU com- 
prises a relief valve RV. 

[01 1 6] In the time chart of Fig. 1 0(a), the processes 
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of increasing and decreasing the driving force of the 
vehicle are shown in time sequence order. A thick line 
indicates the driving force and a thin line indicates the 
braking force. In the time chart of Fig. 10(b), ON/OFF 
(shut-off position/communicating position) of the sole- 5 
noid valves SV is shown. 

[0117] The driving force decreasing unit DDU trans- 
mits a strong creep order for driving (F_MSCRP) when 
the driver releases the accelerator pedal (TH [OFF]) 
while the vehicle is running (vehicle speed > 5 km/h). w 
The driving force is then switched to the strong creep 
condition for driving (F_MSCRPON), which is less than 
the strong creep condition (F_SCRPON). 
[0118] If the driver releases the accelerator pedal 
and depresses the brake pedal BP (brake switch BSW w 
is ON), the braking force increases. When the vehicle 
speed falls to 5 km/h with continued braking application, 
the driving force decreasing unit DDU transmits a weak 
creep order (F_WCRP) and driving force is switched to 
the weak creep condition (F_WCRPON). When doing 20 
so, because the driving force decreases to the weak 
creep condition through the strong creep condition for 
driving, the driver does not experience a strong deceler- 
ation. 

[0119] When the vehicle speed falls to 0 km/h, the 25 
braking force control unit BCU switches the solenoid 
valves SV to the shut-off position to retain braking force. 
Further, the driving motor stopping unit automatically 
stops engine 1 (F_ENGOFF) and the driving force is 
lost. Because the driving force is in the weak creep con- 30 
dition before engine 1 is automatically stopped, the driv- 
ing force falls to zero from a smaller driving force in the 
weak creep condition, leading to a smaller driving force 
difference. Further, because the driving force is 
decreased to the weak creep condition before automat- 35 
ically stopping engine 1 , the braking force required for 
stopping the vehicle may be less than that required in 
the strong creep condition. In other words, the vehicle 
can be stopped in the weak creep condition even if 
depression of the brake pedal BP is reduced less. 40 
According to the detectability of the vehicle speed sen- 
sor or throughput of the ECU, the detected vehicle 
speed may be 0 km/h even if the vehicle does not stop 
completely. Despite the detected vehicle speed being 0 
km/h, the actual vehicle speed may not be 0 km/h and 45 
the vehicle moves at an extremely low speed (the vehi- 
cle is in a condition just before stopping). However, even 
if the driving motor stopping unit automatically stops 
engine 1 before the vehicle stops completely (detected 
vehicle speed is 0 km/h), the vehicle does not stop sud- so 
denly and the driver can perform a smooth stopping 
operation without any awkwardness, because of the 
smaller driving force difference and weaker braking 
force. Engine 1 is automatically stopped for the pur- 
poses of improved fuel consumption as well as reducing 55 
of exhaust gas. 

[0120] The driver then releases the brake pedal BP 
in order to prepare for restarting the vehicle. If the diver 



depresses the brake pedal BP more than a preset pres- 
sure of the relief valve RV (relief pressure), the relief 
valve RV actuates upon the driver releasing the brake 
pedal BP and braking force immediately decreases to 
the relief pressure. Providing the relief valve RV ensures 
a smooth starting operation of the vehicle on a slope, 
even if the driver depresses the brake pedal BP more 
than is required. 

[0121] When the brake fluid pressure within the 
wheel cylinders WC falls below the relief pressure, the 
brake fluid pressure gradually decreases by the opera- 
tion of the solenoid valve SV and the restriction D of the 
braking force control unit BCU. Accordingly, the braking 
force gradually decreases. Backward displacement of 
the vehicle is restricted by the braking force being grad- 
ually reduced but still retained. 

[0122] While the braking force gradually decreases, 
releasing the brake pedal BP turns the brake switch 
BSW OFF, leading to transmission of an automatic 
engine actuation order (F_ENGON). After a time lag 
derived from a delay of signal communication and 
mechanisms, engine 1 is automatically actuated and 
the supply of pressure oil to the starting clutch at CVT 3 
is initiated (SC [ON]). Driving force thereby increases. 
[0123] Hydraulic oil has been discharged from the 
oil pressure chamber of the starting clutch at CVT 3 
while engine 1 is stopped. Therefore, when engine 1 is 
actuated and the supply of pressure oil to the starting 
clutch is initiated, the driving force suddenly rises (sud- 
den rise of the driving force at SC [ON]) due to resist- 
ance of a piston enforcing the clutch. Further, a 
clearance or play exists for the advance stroke of the 
piston while engine 1 is stopped because hydraulic oil 
has been discharged. Therefore, the hydraulic pressure 
command value to the starting clutch does not corre- 
spond to the actual hydraulic pressure value; hence the 
driving force transmission capacity of the starting clutch 
increases little by little until the oil pressure chamber is 
filled with hydraulic oil. As a result, the driving force 
gradually increases, and when the oil pressure chamber 
is filled with hydraulic oil, the driving force then 
increases in accordance with the hydraulic pressure 
command value. 

[0124] The braking force control unit BCU instantly 
releases the braking force retained by the solenoid 
valves SV during the process of increasing the driving 
force to the strong condition (F_SCDLY). Even if the 
braking force is instantly released at this stage, a 
smooth starting operation of the vehicle is achieved by 
the increasing driving force because the inertial force 
and the rolling resistance (increasing driving force) of 
the vehicle restricts backward displacement. 
[0125] The timing at which the release of the brak- 
ing force is carried out occurs when a certain period of 
time passes after the supply of pressure oil is initiated 
(SC [ON]) to the starting clutch at CVT 3. The certain 
time is counted by a creep rising timer. When the certain 
time has passed, a signal (creep rising signal 
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F_SCDLY) is transmitted to release the braking force. 
Because the brake switch BSW is OFF, the solenoid 
valve SV is immediately returned to the communicating 
position, thereby releasing the braking force. The rea- 
son for determining the creep rising condition by using 
the timer is that the hydraulic pressure command value -j m 
to the starting clutch does not correspond to the actual 
hydraulic pressure value (driving force transmission 
capacity). This is because hydraulic oil has been dis- 
charged from the oil pressure chamber of the starting 10 
clutch while engine 1 is stopped. 
[0126] As mentioned above, even if the braking 
force is instantly released during the process of increas- 
ing the driving force to the strong creep condition, a 
smooth starting operation of the vehicle is achieved with is 
backward displacement of the vehicle restricted by the 
inertial force of the vehicle and the like. The vehicle then 
increases the driving force and accelerates when the 2. 
accelerator pedal is depressed (TH [ON]). 
[0127] As shown in Fig. 1 0(a), a dashed and dotted 20 
extends line downward from "Relief pressure" on the 
line indicating braking force. The dashed and dotted line 
indicates a situation where the brake fluid pressure is 
not retained, in this situation, because reduction of the 
braking force takes place immediately after decreasing 25 
the brake pedal load and braking force is quickly lost, a 
smooth starting operation of the vehicle is not achieved. 
The dashed and dotted line also indicates returned con- 
ditions of the brake pedal BR 

[0128] According to the invention, because the driv- 
ing motor stopping unit decreases the driving force 
before automatically stopping the driving motor, the 
braking force required for stopping the vehicle is less 
than that required before decreasing the driving force. 
Further, the driving force difference upon stopping the 35 
driving motor becomes smaller. Therefore, the vehicle 
stops smoothly without sudden impact, even if the driv- 
ing motor is stopped before automatically stopping the 
vehicle. 

[0129] While the present invention has been 
described by way of a specific example, it is to be under- 
stood that changes and variations may be made without 
departing from the spirit or scope of the following 
claims. 

[0130] For example, the driving motor stopping unit 
has been described with a vehicle having CVT, however, 
it may be applicable to other vehicles, such as an auto- 
matic transmission-type vehicle with a torque converter. 
[0131] A driving motor stopping unit for a vehicle, 
which vehicle allows transmission of driving force from a so 
driving motor to driving wheels irrespective of releasing 
an accelerator pedal at a certain or lower vehicle speed 
when a transmission is selected to a driving range, 
wherein said vehicle is further provided with a driving 
force decreasing unit which switches the driving force in 55 
accordance with depression of a brake pedal such that 
the driving force is made lower at a depression of the 
brake pedal than at a release of the brake pedal, and 
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the driving motor is stopped after the driving force is 
decreased by the driving force decreasing unit. 

Claims 

1. An apparatus for controlling a driving motor for a 
vehicle, wherein the vehicle allows transmission of 
a driving force from a driving motor to driving 
wheels irrespective of releasing an accelerator 
pedal at a certain or lower vehicle speed when a 
transmission is set in a driving range, comprising: 

a driving motor stopping unit; 
wherein said motor stopping unit determines 
that the motor driving force has been 
decreased and then stops the driving motor. 



The apparatus of claim 1 wherein said driving motor 
unit comprises: 

a first control unit; and 
a second control unit. 



3. The apparatus of claim 2 wherein 

said first control unit is a fuel injection elec- 
tronic control unit and 

said second control unit is a continuously vari- 
able transmission control unit. 

4. The apparatus of claim 1 further comprising: 

a driving force decreasing unit; 
wherein said driving force decreasing unit 
decreases the driving motor driving force. 



5. 
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The apparatus of claim 4 wherein said driving force 
decreasing unit determines conditions for at least 
three different creep settings 



6. The apparatus of claim 4 wherein said driving force 
decreasing unit decreases the driving motor driving 
force in accordance with a depression of a brake 
pedal such that the driving force is made lower at a 
depression of the brake pedal than at a release of 
the brake pedal. 

7. A vehicle with an apparatus for controlling a driving 
motor for a vehicle, wherein the vehicle allows 
transmission of a driving force from a driving motor 
to driving wheels irrespective of releasing an accel- 
erator pedal at a certain or lower vehicle speed 
when a transmission is set in a driving range, com- 
prising: 

a driving motor stopping unit; 
wherein said motor stopping unit determines 
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that the motor driving force has been 
decreased and then stops the driving motor. 

8, The vehicle of claim 7 wherein said driving motor 
unit comprises: s 

a first control unit; and 
a second control unit. 

9. The vehicle of claim 8 wherein 

said first control unit is a fuel injection elec- 
tronic control unit and 

said second control unit is a continuously vari- 
able transmission control unit. 

10. 

a driving force decreasing unit; 
wherein said driving force decreasing unit 
decreases the driving motor driving force. 

11. The vehicle of claim 10 wherein said driving force 
decreasing unit determines conditions for at least 
three different creep settings. 

12. The vehicle of claim 10 wherein said driving force 
decreasing unit decreases the driving motor driving 
force in accordance with a depression of a brake 
pedal such that the driving force is made lower at a 
depression of the brake pedal than at a release of 
the brake pedal. 

13. A driving motor stopping unit for a vehicle, which 
vehicle allows transmission of driving force from a 
driving motor to driving wheels irrespective of 
releasing an accelerator pedal at a certain or lower 
vehicle speed when a transmission Is selected to a 
driving range, wherein said vehicle is further pro- 
vided with a driving force decreasing unit which 
switches the driving force in accordance with 
depression of a brake pedal such that the driving 
force is made lower at a depression of the brake 
pedal than at a release of the brake pedal, and the 
driving motor is stopped after the driving force is 
decreased by the driving force decreasing unit. 

14. A vehicle with a driving motor stopping unit, which 
vehicle allows transmission of driving force from a 
driving motor to driving wheels irrespective of 
releasing an accelerator pedal at a certain or lower 
vehicle speed when a transmission is selected to a 
driving range, wherein said vehicle is further pro- 
vided with a driving force decreasing unit which 
switches the driving force in accordance with 
depression of a brake pedal such that the driving 
force is made lower at a depression of the brake 



pedal than at a release of the brake pedal, and said 
vehicle is controlled such that the driving motor is 
stopped after the driving force is decreased by the 
driving force decreasing unit. 



75 

The vehicle of claim 7 further comprising: 

20 
25 
30 
35 
40 
45 
50 
55 
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FIG.3A 
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